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A 



PEEFACE 

TO 

THE SECOND EDITION. 



In preparing this present Edition we have a41iered strictly 
to the original plan and scope of the work, which is that of 
a text-book of principles, and not either an exhaustive 
treatise or a minutely descriptive manual of the manufac- 
turing art. We have endeavoured at the same time to bring 
the matter of the book to the lev^l^qf later developments, 
some of which are of buch importinc«d.iis 4;'o^^ne(^s§itai;e, ioe 
^ re- writing of certain sections, notably. ^|h^99> de«din:g with 
fr- the Chemistry of Cellulose and the c^iei'aiipna* of '^izing, 
Loading and Colouring. Our aim ia-^^o^pHetejilJ-i;}!^ subject 
^^ to the reader according to its scientific perspective ; to furnish 
-^ a guide for the student or apprentice in acquiring his 
f4 practical experience to the best advantage, and for those who 
^ liave a working experience of Paper-making, in reviewing 
" either for pleasure or profit, the multitude of facts to be 
observed in the daily routine of the mill. 
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PAPEE-MAKING. 



INTEODUCTORY. 

Pa-PER-making is essentially a mechanical art, consisting as 
it does in the production of a continuous web or fabric by 
aggregating together structural units of relatively minute 
dimensions. 

These, the essential components of paper, are the vegetable 
fibres, first isolated from the fibrous raw materials by opera- 
tions of both mechanical and chemical nature, and then further 
resolved or broken up by mechanical treatment. 

But, though the actual paper-making processes are of 
the mechanical and physical order, they involve auxiliary 
<themical processes of fundamental importance. Moreover, 
there is a special chemistry of the fibrous components and 
of the auxiliary agents used in the making and finishing of 
papers, to know which is a necessary equipment of the paper- 
maker. 

In presenting this brief outline of first principles, we 
cannot overrate the importance of a thorough grasp of the 
composition and constitution of the plant fibres, as the neces- 
f^ary foundation for the intelligent conduct of paper-making, 
and to this subject we wiU at once proceed. 

Careful study of a mature flowering plant will show that 
it is made up of structural elements of two kinds, viz. fibres 
and cells, which, to use a rough parallel, we may liken in func- 
tion to the bricks and mortar of a house. It is the former 
which admit of the many extended uses with which we a.TQ 
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I familiar iii the arts of spinning and weaving, luid which ' 
'- Btituie the fabricH whioh are the most indiepeDSahle to our 
ivilised life. Fur the meet part, as we know, fibres and 
cells are aggregiatied together into compound tisHues, and a pro- 
ceia of separation is ihorefore a necessary preliminary to the 
utfliaation of the former. The cotton fibre ia the only im- 
portant exception to this general conditiun of distribution. 
HwB we have the Bced envelope or perisperm converted into 
a mass of fibres, and these, by a Bpontaneous process accom- 
panying the ripi.-ning, so isolated as to be ijunicdiately avail- 
able. Next in oi-der, in point of Bimplicity of isolation, aie 
those fibrous niastee, or tissues, which, although components 
of complex structores, exhibit a greater cohesion of their 
constituent fibres than adhesion to the conliguons cellular 
tissues with which they go to build up the plant. Into such 
8 tissue the " bast," or inner bark layer of shrubs and trees, 
more especially th'jse of tropical and sub-tropical regions, 
fi-equently develops ; and it is, in fact, this bast tissne, gra- 
duating in respect of cohesion of its conetltueut fibres, from 
a close network such as we have spoken of, to a collec- 
tion of individual fibres or fib le-bun dies disposed in parallel ' 
eeries, which supplies the greater part of the more valuable 
of the textile and paper-making fibres ; we may instance flax, 
hemp and jute, each of which is the basis of an enormous 
industry. According to the degree of adhesion of the bast to 
the contiguous tissues, or, in another a8i>ect, according to 
its lesser aggregate development, so is the difiiculty of iso- 
lation and the necessity of using pi-oceeses auxiliary to the 
mechanical separation of the tissue. 

It is worthy of note here that the Japanese paper with 
which we are in tho^e times so familiar, is prepared bjHhe 
most primitive means fiom the bast of a mulberry (Brous- 
aonetia fapyriftra) -, the isolated tissne, consistiog of a close 
' network of fibres, is simply cut and hammered to produce a 
surface of the requisite evenness, and the production of a 
web of paper is complete. In isolating the bast fibres eijJ- 
ployed in Ihe textile industries, a preliminary partial disiute- 
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gration of the plant stem is brought about by the process of 
-steeping or retting, by which the separation of fibre from 
fleshy or cellnlar tissue is much facilitated. 

Last in order of simplicity of distribution, we have the 
fibres known to the botanist as the fibro- vascular bundles 
of leaves and monocotyledonous stems, these bundles being 
irregularly distributed through the main cellular mass, and 
consequently, by reason of adhesion thereto, much more diffi- 
cult of isolation. For this and other reasons, more or less in 
correlation with natural function, we shall find this class of 
raw material lowest in value to the paper-maker. 

It is necessary at this stage to point out that the work of 
the paper-maker and that of the textile manufacturer are 
complementary one to the other, and the supply of fibrous. 
raw material is correspondingly divided : it may be said,, 
indeed, that the paper industry subsists largely u[)on the 
rejecta of the textile manufactures. The working up of dih- 
continuous fibre elements into thread, which is the purpose of 
the complicated operations of the spinner, is conditioned by 
the length and strength of these ultimate fibres. Paper- 
making, on the other hand, requires that the raw material 
shall be previotisly reduced to the condition of minute sub- 
division of the constituent fibres, and therefore can avail itself 
of fibnnis raw material altogether valueless to the spinner, and 
of textile materials which from any cause have become of no 
value as such. To the raw materials of the paper-maker, 
which we have briefly outlined above, we must therefore add, 
as a supplementary class, textiles of all kinds, such as rags^. 
rope and thread. 

During the latter part of this century, and in response to 
the enormously increased demands upon the sources of supply, 
there has come the exploitation of the fibrous woods for paper- 
making purposes. 

Having thus acquired a general idea of the sources of our 
raw materials, we must study more closely the substances 
themselves ; and, first of all, we must investigate them a& 
we should any other chemical substance, \.^, Nve mxjkieX, ^<b\.\.v> 

1^ ^ 
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understand the nature and properties of the matter of which 
the vegetable fibres are composed. While these exhibit cer- 
tain variations, which are considerable, the substances pre- 
sent a sufficient chemical uniformity to warrant their being 
designated under a class name : this name is Cellulose. The 
prototype of the celluloses is the cotton fibre. 
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CHAPTEB I, 
CELLULOSE. 

Cellulose is the predominating constituent of plant tissues, 
and may be shortly described as the structural basis of the 
vegetable world. Constituting, as it does, the material frame- 
work or skeleton of the plant, or plant cell, this more per- 
manent function implies a corresponding resistance to the 
destructive agencies of the natural world : in other words, 
considered as a chemical individual, cellulose is extremely 
inert, or non-reactive. It is resistant to Ifhe hydrolysing- 
action of alkalis and acids, to oxidants ; and, as a ' saturated ' 
carbon compound, has no tendency to combine directly with 
the halogen elements, e.g. chlorine and bromine. These main 
features of its negative chemical characteristics are mentioned 
thus early in explanation of the methods employed for its 
isolation in the laboratory. Cellulose never occurs in the 
plant in the free state, but always in admixture or combina- 
tion with other groups : members of the fatty series (* fat and 
wax ' constituents) ; the aromatic series (colouring matters, 
tannins) ; the pectic group of more or less oxidised, and there- 
fore acid, derivatives of the carbohydrates. These latter yield 
to the attack of one or other of the reagents towards which 
celluloSe is inert ; and hence the following general method of 
removing these * impurities * in the form of soluble deriva- 
tives, and of isolating the cellulose as the resistant residua : 
(a) the fibrous raw material is boiled with a dilute solution 
of sodium hydrate (1-2 p.ct. NaOH), and, after thorough 
washing, is (6) exposed in the moist state to an atmosphere 
of chlorine gas ; (c) it is again treated with boiling alkaline 
solution. By such treatment of the majorW.^ ol N^^<^\aW<b 
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tisaueB, the *non~cel1iil0Be' conetitaents nre removecl, and a 
Tesidne of cellalose obtained. A alight treatment with a 
bleaching agent, to reniove residues of coloured impurities, 
and a final washing with alcohol and ether, completes thepuri- 
lioation, and the cellulose is obtained as a mass of * ultimate 
fibres' of pure white colour, more or less transluoent. 

Though pui iSed by the removal of ' non-oellulose ' groups, 
such as above indicated, the residue of cellulose is not neccs- 

ily 'pure' in the sense understood by the chemist, that is, 
it cannot be taken to represent a single homogeneous sub- 
stance. 

On the contrary, we shall show that the paper-makers' 
'oelliiloBes '^-obtained hya large variety of drastic treatments 
of fibrous raw materials — -are mixtureaof celluloses of different 
-constitntion. 

Cotton cellulose, however, when fully purified, may be re- 
garded as a clieaiically pure Bubstance, and in setting forth 
the outline of the chemistry of cellulose, we shall at first 
■confine ourselves to this typical representative of the group. 

Empirical Composition. — Cellulose is a compound of 
carbon, hydrogen and oKygeu, 'inited in the percentage pro- 
jiortions — 



■corresponding with the statistical formula CjH,„05, by 
which also it is defined as a ' carbohydrate.' The ubove 
numbers represent the composition of the ' ash-free ' cellulose. 
All vegetable tissuew contain inorganic or mineral consti- 
tuents, of which a certain proportion is retained by the cellu- 
lose, isolated as deecribed, or by any of the processes practised 
on the large scale in the arts. The celluloses burn with a 
(juiet luminous flame, leaving these inorganic constituents as 
an ash. In bleached cotton the average proportion of ash is 
0-l-0-4p.ot. 

In the preparation of filter paper for chemical use it is 
important to reduce this impurity to a minimum, which is 
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effected by treatment with hydrofluoric and other acids. 
'Swedish ' filter paper contains 0*03-0 '05 p.ct. ash consti-: 
tuents, representing about y^^ ^^^** P^r 8q. cm. of area ; and- 
is the purest form of cellulose with which we can deal. 

Cellulose and Water. Cellulose Hydrates. — All 
vegetable structures in the air-dry condition retain a certain 
proportion of water — or hygroscopic mot$iure, as it is termed — 
which is readily driven off on heating, but regained on ex- 
posure to the atmosphere under ordinary conditions. The 
mean percentage of this ' water of condition * varies from 6 to 
12 in the several celluloses : in any given oellulo»e variations 
of 1-2 p.ct. from the mean number follow the variations in 
the hy.gzo3netric condition of the atmosphere. The factor 
of * normal moistore ' is of obvious importance in commercial 
dealings in celluloses. Thus, fur the ' wood pulps ' (celluloses), 
the ' standard moisture ' commonly adopted is * 10 p.ct.' — 
that is, 100 parts of the air-dry pulp yield on drying, at 100°, 
90 parts dry cellulose. Conversely, in calculating from the 
basis of dry cellulose =p a, to ' air-dry with 1 p.ct. moisture ' 

= 6, it is clear that h = - a. The propoi tion of water held 

by the celluloses in an iitmosphere saturated with aqueous 
vapour is necessariiy very much greater than in the ordinary 
atmosphere, partially saturated at the same temperature.* 
The celluloses or compound celluloses {supra) as they occur 
in the plant are characterised by a wide range of hydration 
phenomena. Plant tissues in the early stages of growth take 
the form of gelatinous hydrates, the proportion of water 
combining with the organic colloid in these hydrates being 
very large, e.g. 80 p.ct. of the weight of the hydrate. The 
rehydration of the mature cellulof-es to these forms is deter- 
mined by certain reagents as a stage in their conversion into 
the fully soluble form. Such processes of solution of cellu- 
lose we proceed to consider. 

Solutions of C^ulose. — Cellulose is insoluble in water 

* See H. MuHer, Pflanzenfaser. p. 3. 
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M in all nmple efivtshte, la preeence of certaiu metallic com- 
fanais, hawevtT, it combioes with water, passing, as abore 
deMnbL'd, tlirt/Dgh the conditionB of gelatinous hydrates, and 
SvMy diaappcaring to form a liomogeiieonfi Tiecons aolation. 
Of Mich HolvKDta of ceUnloee the eimpleBt ia (1) qdc 
chloride in concentrated aqneons eolntion (40 p^t. ZnCl^}. 
I'be aoIntioR process reqaircra the aid of heat (60-100^, and 
Diay be cairied out as follows: 4~6 parts ZnCi, are disBolved 
in fi-IO pitrta water, and 1 part celluli Fe (bleached cotton) 
Jtirred in till evenly moistened. The mixture is digested at 
liret at 60-80°, when the cellaluee is g^-latinised : the aolntion 
ic completed by exposure to water-bath heat, stirring from 
timo to time, and replacing the water which evaporates. In 
thlH way a homogenedus symp is obtained. The solution is 
entirclj' ilecumpused by dilution, the cellulose being precipi- 
tttttid as a hydrate in combinaiion with zinc oxide. On 
woMbing with hydrochloric acid a pure cellulose hydrate is 
obtained, the quantity recovered being approximately equul 
lo the original cellulose taken. When precipitated by 
ftlcohol, a tompoiind of cellulose and zinc oside is obtained 
with IK-23 p.ct. ZnO, i.e. in the approximate molecular ratio 

' 2C,H,„0,>:nO. 

Technical Applieniiona. — (a) The preci jiitation of the syrupy 
•olutioii by alcohol is of sncli a character as to permit of a 
OOiitlniiuuH production of thread or film, the Golntion being 

' * aquirled ' under pressure from a fine glass orifice int<.' thu 
lilouhul. The tljread, when purified, is carbonized in closed 
vessels, to foriD the very resistant carbon constituting the fila- 
ment for Incandescent electric lamps, (b) Vulcanised Jibre is 

, jit^uced by tieating a suitable paper (1 part) with a zinc 
chloride of 65-76° B (4 parts). When the constituent fibres 
are superficially gelatinised, the sheets are welded together 
under pressure into Terj* compact murses. These are then 
purifieil, and subjected to further treatment tu render them 
Wftturprtjof," 

» ■ ricrmnn riiUnl 3181 (137S): C. H'-fioaiiti, Vrvitt. Himdb, PspEetf., 
f. 170. 
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(2) Zinc Chloride and Hydrochloric Acjd. — If the ZnCla 
is dissolved in twice its weight of aqueous hydrochloric acid 
(40 p.ct. HCl), a solution is .ohtained which dissolves cellu- 
lose rapidly in the cold. If quickly diluted the cellulose is 
recovered with but little change, but on standing it is re- 
solved into products of lower molecular weight (dextrins, &c.) 
entirely soluble in water. The solution is a useful aid to 
investigations in the laboratory, but so i'ar has received no 
industrial applications. 

(3) Ammoniacal Cupric Oxide. — The solutions of the 
ouprammonium compounds generally, in presence of excess of 
ammonia, attack the celluloses rapidly in the cold, forming 
a series of gelatinous hydrates, passing ultimately into fully 
soluble forms. The solutions of the pure cupiammonium 
hydroxide are more active in producing these effects than 
the solutions resulting from the decomposition of a copper 
salt with excess of ammonia. Two methods arc in common 
use for the preparation of these solutions, which should con- 
tain — 

10-15 p.ct. aaimonia (NH3). 
2 '0-2 -5 p.ct. copper (as CuO)* 

(1) Hydrated cupric oxide is prepared by precipitating 
a solution of cupric sulphate at 2 p.ct. strength with a slight 
excess of sodium hydrate, also in very dilute solution. The 
precipitate is washed till entirely free from alkali. The 
original solution in which the precipitation takes place, and 
the water used in washing, should contain a small portion of 
glycerin, 0*05 to 0*10 p.ct. The washed precipitate is fully 
drained, and then mixed with a quantity of a 10 p.ct. solution 
of glycerin — in contact with which it may be preserved un- 
changed in stoppered bottles. Prior to dissolving in 15-20 
p.ct. NH3 for use, the oxide may be washed free from glycerin, 
should the presence of the latter be objectionable.* 

(2) Metallic copper in the form of sheet or turnings is 
placed in a cylinder and covered with strong ammonia ; atmo- 
spheric air is caused to bubble through the column of liquid 

♦ Fasebender : bcrl. Ber. 13, 182^. 
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at n lata calculated to forty times the volume of the liquid 
used per hour. In about six hours a liquid of the requiei'e 
conipoBition is ohtaiued. 

Solutions (if cellulose of 5— XO p.ct. (cellulose) strength, 
are reaiiily prepared by digestion in the cold with 20-10 
times its weight of the solution. The solutions are rather 
'ropy' and gelatinous than viscous. The cellulose is readily 
preoipitnted from the Bolutions: (a) by neutral dehydrating 
agents, such as alcohol, sodium chloride nml oiher Falta of the 
alialisj (b) by acids. In the latter case the cellulose is 
precipitated in the 'pure' state, i.e. free from ctipric oxide. 
It retains a large proportion of water of hydiaiion. On 
drying by beat, the gelatinous hydrate changes by molecular 
aggregation into compact horny masses. 

Tei'hnienl Application g. — This properly of gelatinising and 
dissolving cellulose has been taken advantage of in important 
industrial applications of the onprammonium compounds. 
Vegetable textile fabrics and paper, passed through a bath 
of the ouprammonium hydroxide, are ' surfaced ' by the film of 
gelatinised cellulose, which retains the copper oxide (hydrate) 
in such a way that it dries to nbright maluchite green colour, 
the ammonia of course escaping. By this trentment the 
fibres are further compacted together, and the fabric acquires 
a water-reaistant character ; the presence of the copper oxide 
is also preservative against the attacks of mildew, insects, &c. 
If the fabrics are rolled or pressed together when in the gela- 
tinised condition, theybecome welded together on drying,and 
ft variety of compound textures are producedin this way. The 
fabrics are sold in this country under the style of ' Willesden ' 
goods. Recently, also, the solution has been applied to the 
production of an artificial thread of high lustre, a so-called 
' artificial silk.' 

Cellulose and Hydrolytic Agents. — Without attempt- 
ing a theory, or even an explanation, of the action of the 
solvents we have just described, there is one aspect wbicli 
claims attention, and will be mure olearly grasped from what 
follows in the present section : that is, that the cellulose 
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molecule con tains OH groups of opposite fanction, giving 
it some of the charactei istics of tlie inorganio salts ; that 
it yields to the action of zinc chloride by reciprocal inter- 
action of its OH groups with those of the salt in solution, 
and that the dissolution of the cellulose is therefore due to a 
species of double salt formation. 

An incipient activity of this kind is manifested by cellulose 
in contact with highly dilute solutions of alkalis and acids, 
the active reagent being absorbed by the cellulose in per- 
ceptible degree. The amount though small is definite, and 
sufficient to allow of the establishment of a definite ratio of 
absorption from equivalent solutions of alkalis and acids. 
Thus, with typical members of the two groups, the molecular 
i*atio of absorption is 10 NaOH : 3HC1.* The phenomenon 
has been more recently studied from the independent stand- 
point of thermal equilibrium. It has been shown that when 
pure cotton is plunged into dilute solutions of the acids and 
alkalis, liberation of heat takes place. The rise of tempera- 
ture was found to be slow, and, under the conditions chosen 
for the experiments, ceases after the lapse of seven to eight 
minutes. 

The following are typical results in calories per 100 grms. 
of cotton : — 





KOH. NaOH. 

1-30 1-08 

2-27 !. 2-2lO 

• 


HCl. 


H2SO4. 


Raw cotton 

Bleached .... 


0-65 
0-65 


0-60 
0-58 



L. Vignon. 

It would appear from these results that cellulose has the 
properties of a feeble acid, and of a yet feebler base. From 
the comparative insignificance of the * affinities ' involved, it 
might be ittferred that they may be neglected in practical 
and industrial operations. So far from this being the case 
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it muHt be remeroljereil tliat tlie combination of cellnloae 
with coIoTiriug matters, i.e. the dyeing pmpertieB of the fibi-e 
substance, are largely dependent upon a [dtiy of affinities of 
this particular order. So also the auxiliary processes of 
mordanting, in which ihe fibre absorbs both acids and basic 
oxides from dilute saline solutions ; these oxides, in combinn- 
tion with the fibre substance, enabling it in turn to take up 
particular colouring matfeis from their solutions. Formerlj' 
it was much discussed us to whether dyeing phenomena were 
of the 'phyBJcal' or 'chemical' order. The modem view 
does not concern itself so much with definitions as to insist 
that the phenomena are molecular. This chemit-al aapect 
is prominent in the reciprocal play of acid asd basic functions 
of the constituent groups of both fibre-substance and colouring 
matter (and mordant); the 'physical' side is brought into 
evidence by certain properties of the fibres which are bound 
up with their minute structure, and which evidently play 
an important part in the absorption of reagents from solu- 
tion, viz. the phenomena of capillary irangmiaeion of liquids, 
Schonhein appears to have been the first to observe tliat 
Btrips of uoeined paper of which one eud is placed in an 
aqueous solution, e.g of a metallic salt, will absorb and 
transmit the water more rapidly than the dissolved salt, 
which is therefore ' fillcred out ' ; further, that to the various 
salts cellulose manifests varying degrees of resistance to 
transmission in solution. These phenomena have been further 
studied by Lloyd,* for metallic salts, more recently by 
E. Fischer and Schniidnier,| and by F. Goppelsroeder for 
various colouring matteis ; J the results of their observations 
constituting the beginnings of a method of capillary analysis 
or separation. Without further discussing the phenomena 
from a theoretical standpoint, we may point out that they 
are of direct practical moment to the paper-maker: since, 
first, they have to be reckoned with in everyone of his manu- 
facturing operations ; secondly, in one of tho most important 
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applications of paper, viz. for writing purposes, the penetra- 
tion of the paper by the ink, its indelible fixation, and the 
kind of press copy obtainable, ai e points largely affected or 
determined by such inter-actions as we have l)een considering. 

It will be remembered that we have followed up the 
various matters dealt with in this section from the initial 
observation of the behaviour of cellulose to typical hydrolytic 
agents in cold dilute solution. These are absorbed, as we 
have seen, to form what we may term contact compounds, and 
they are an index of the hydrolytic changes which are deter- 
mined by these compounds acting in more concentrated 
forms and at higher temperatures. Hydrolysis is essentially a 
process of resolution or decomposition : it is the loosening or 
undoing of a bond of union through combination with the 
element* of water. The agent which determines the change 
is the hydrolytic agent : and of such agents the most im- 
portant are the (a) acids and (h) alkalis on the one hand, 
and (c) on the other, a class of carbon compounds known as 
soluble or unorganised ferments, or by the more modern term 
Enzymes. Cellulose yields to hydrolysis of both types. 

(a) Acids. — The mineral acids of concentration equal to 
semi-normal at the boiling temperature, rapidly disintegrate 
the fibrous celluloses, as a consequence of molecular changes 
in the fibre-substance. The modified cellulose is brittle and 
pulverulent. Its composition is changed to that of a hydrate 
of the formula 2 • C^U^qO^ . HgO, and it is therefore termed 
hydro- or hydra-cellulose, the chemical properties of which 
are described in a later section. The time required for com- 
pleting this change varies with the temperature and concen- 
tration of the acid. The acid treatments of cellulose textiles 
which are necessary incidents of bleaching and dyeing opera- 
tions are carried out well within the limits of safety — for the 
most part in the cold (<20° 0.) and with acids of less than 
2 p.ct. strength (HCl, H2SO4). In dyeing operations requir- 
ing an acid bath and the boiling temperature, ' free * mineral 
acids are as much as possible avoided, acetic acid being sub- 
stituted—an acid of low hydrolysing activity^ and viitivaw.^ 
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eeneible acttim on cotton. Paper is usually finished from the 
maohine with a slightly acid reaction, but tlie utmost care is 
required to ensure the absence of ' free ' acid, 

(6) Alkalis.— To alkaline solutions of equivalent strength, 
e.g. Bolutione of caustic soda of 1-2 p.ct. Na,0, cottou celluluBe 
JB extremely resistant, even at temperatures exceeding 100.° 
The principtl opeiatiuns in the process of bleaching cotton 
and linen textiles consist in drastic alkaline treatments of 
this kind, whereby the non-cellulose constituents of the 
fibres are hydrolysed to products soluble in the alkalinu )ye. 
The oxidation proceases which follow, e.g. treatment with 
the hypochlorites, permanganates, &c., in dilute soluttous, 
although they mciy be regarded as the bleaching processes 
proper, really accompliah very little beyond removing resi- 
dues or by-products of the alkaline treatment. It i^ also- 
evident that resistance to alkaline treatment such as soaping, 
is a very important condition of the everyday uses of 
celluluee textiles. 

At higher concentration and tempeiature the typical 
cellulose ia attacked by the alkaline hj-dratea and converted 
into soluble derivatives. Thus, purified cilion cellulose 
digested three times in succession with solutions of 3 p.ct. 
NbjO, was found to lose * ; — 

at 1 atm. preseuro 12 ■! p.ct. 

10 ". m-i ", 

With solutions of 8 p.ct, Ka.^O under similar condition* 
the losses were 22-0, 28-0 and 59-0 p.ct. The processes of 
isolating paper -makers' celluloses largely consist in severe 
alkaline treatments, the conditions of which require adjust- 
ment to secure the most complete removal of the uon- 
oellulose constituents of the raw materials, with the mini- 
mum of action (hydrolysis) on the cellulose. 

A process of estimating cellul.jae in fibrous raw materiala 
in the laboratory, based upon the action of alkaline hydrates 
• H. TftOBfl, Journ, Soo. Chem. loJ. 1889, 913; 1890, 883. 



CELLULOSE. 15 

at elevated temperataros (160-180°), has been proposed by 
Lange.* The process rests upon the assumption that the 
celluloses are not attacked under the severe conditions of 
alkaline treatment adopted. This assumption cannot be 
maintained in view of the results above cited ; the process 
has, moreover, been subjected to a careful critical investigation 
by Tollens, f who finds that it is subject to large and 
variable errors. 

(c) Enzymes. —A typical case of enzyme action is that of 
the conversion of the starches of cereals into feimentable 
sugars, in the operations (1) of malting the grain, (2) of 
' mashin«; ' the malt with water, to the solution or wort in 
which the sugars formed from the starch are in a condition 
to yield readily to the attack of the yeast-cell, undergoing 
further hydrolysis under the action of the yeast enzyme, and 
being finally broken down to alcohol and carbonic acid. The 
starches resemble the typical celluloses in the following par- 
ticulars : they have the same empirical formula n[CQ H^oOg] ; 
they are poly-anhydrides of hexose molecules, each hexose 
molecule losing water in the proportion of one molecule 
— thus m, 2CeHi20e — m. 2H2O — in condensing to form the 
anhydride ; the highly complex molecule of the latter takes 
up water under the influence of hydrolytic treatments — 
in sucessive stages, hut special to each — giving a similarly 
complex series of intermediate (i.e. partially hyd rated) mole- 
cules, these breaking up finally (i.e. by complete hydration) 
to the typical hexose, dextrose. 

Starch, under the influence of the enzyme of malt, termed 
diastase, yields the series of dextrins, amylins, malto- 
dextrins, maltose, and finally dextrose. To convey some 
idea of the complications presented by the series, it may be 
noted that it is necessary to expand the original starch mole 

cule to o[Gi2^2o^io}2Q' ^^® ^^®* efiect of hydrolysis is to 
split this into a resistant dextrin of the formula [CiaHgoOio].^^, 
and a group of amylins representing the remaining four- 

* Ztsohr. Physiol. Chem., 14. 

t SiirittgHT and Tollens, Ztsohr. Angow. Chem. 1896, Ko. 23. 



16 PAPER-MAKISG, 

fifths of tbe moletjule which pass through further hydration 
atages representBii hy such formulee as [C,jH2(,0,j,]n -i- H^U, 
malio^e groups being auccessively formed and split 
Yeast, again, eecretea an enzyme termed incerinee, which hy- 
drates the crystallisable but ^till complex sugars such ii» 
maltose and caae sugar [both Cj^HaiO,,] to the simjile 
hexose CeHi^Oj. 

No enzyme has yet been discovered which enables us to 

I carry out a similar ' oonTerBion ' or hydration of cellulose in 

' the laboratory. That such actions take place in plant life 

has heen abundantly establiMhed, (a) In the germination of 

'i the cell-walls (cellulose) ate broken down to fcupply 

I nutriment to the embryo. (6) In the attack of parasitic 

I plants, dense striictnres of the 'host ' are penelraled by the 

I most delicate hypha; of the invading organi>m by a dissolu- 

I tion and resolution of the original cellulose structure, fc) 

I Brown and Mon-is have succeeded in cultivating the excised 

rabryoB of tbe cereals on artificial endosperms, and in ehow- 

ng that a cytohydrolylio enzyme is secreted which is suffi- 

iently powerful in its action as to attack (i.e. hydrolyee) the 

typical cotton cellulose. 

While, therefore, we may expect in the future to be 
furnished with the means of studying an enzyme hydrolysis or 
I dissection of cellulose, we are at present limited to the action 
of powerful ret^ents such as the concentrated mineral acids, 
which, in a later section, we shall show to resolve cellulose 
through a series of hydration products (amyloid, dextrins, 
dextrose) presenting many analogies with the starch-dextrose 
series aboie described. 

Cellulose, therefore, while an analogue of starch, is difier- 
entialod from it by an enormously gieater resistance to 
hydrolytic actions of all kinds, which must express a corre- 
sponding difference in constitution. 

We have now to study the actions of bydrolytic agents iu 
iheir more concentrated /arms. 

(u) Alkalis. — Cold solutions of the alkaline hydrates of a 
certain concentration exert a remarkable effect upon the oellu- 
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loses. Solution of sodium hydrate, at strengths exceeding 
10 p.ct. NajO, when brought into contact with the cotton 
fibre at the ordinary temperature, instantly changes its 
structural features, i.e. from a flattened riband with a large 
central canal, produces a thickened cylinder with the canal 
more or less obliterated. These effects in the mass, e.g. in 
cotton cloth, are seen in a considerable shrinkage of length 
and width, with corresponding thickening, the fabric becom- 
ing translucent at the same time. The results are due to a 
definite reaction between the cellulose and the alkaline 
hydrates, in the molecular ratio CigHjoOio : 2NaOH, accom- 
panied by combination with water (hydration). The com« 
pound of the cellulose and alkali which is formed is decom- 
posed on washing witb water, the alkali being recovered 
unchanged, the celluloid reappearing in a modified form, viz.. 
as the hydrate (Ci2Hji^i0.H2O). By treatment with alcohol, 
on the other hand, one half of the alkali is removed in 
solution, the reacting groups remaining associated in the 
ratio C12H2OO10 : NaOH. The reaction is known as that 
of Mercerisation, after the name of Mercer, by whom it was 
discovered and exhaustively investigated. 

Technical AppUcaiiom, — Until quite recently, the observa- 
tions of Mercer remained undeveloped. They are now applied 
on a large and increasing scale to the production of a silky 
lustre in cotton textiles. It is found that if during the- 
action of the alkaline lye the cotton goods are kept under 
strain, the physical changes determined in the fibres fenable^ 
it to produce that concentrated reflection of incident light 
which causes lustre.* These structural changes are perma- 
nent, persisting after the removal of the alkali by washing. 

Alkali Cellulose. — The compounds resulting from the 
union of cellulose and the alkaline hydrates, though of little 
stability — as we have seen — arfe still well-defined products. 
This fact is emphasised by the production from the alkali 
cellulose of two series of characteristic derivatives of cellu- 

• Re?. G^. d. Mat. Col. 1898. 
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loee: (a) the unlpho-curboiiates ; (6} the benzoatia — which 
are described in later eectiuus. 

(5) The Acida in concentrated form act in two opposite 
directionB upon cellulose i (1) tbey attack and resolve the 
cellulose complex by processes uf oondensalion and hydro- 
lyBie ; (3) they combine with the celluloae (OH groups) to 
form acid ethers or esteri. The considei'atiou of the latter 
we defer until "e have completed our survey of hydrolytio 
actions by now describing briefly those determined by the 
mineral acids in their more ooncentrated forms. 

Hydrochloric Acto in presence of water rapidly converts 
the fibrous cotton cellulose into a friable substance, the 
formation of which is not attended by any visible changes ; 
but, on subjecting the product to pressure or mechanical 
action, it beeomea a more or less structureless powder. 

This product, known as hydro- or hydra cellulose, wiis 
first invefitigated as a cellulose derivative by A. Girard;* 
but the pbyaical changes uf the cotton fibre under the 
actions of aoids which accompany the formation of this pro- 
duct had previously been studied by various observers. 

Sulphuric Acw. — Hydro-cellulose results also from the 
action, at ordinary temperatures, uf sulphuric acid at certain 
■dilutions. The following points have been established by 
C. Koechlin-t What may be called the critical concentration 
of the acid in regard to the production of hydro-eel laloso 
lies between the limits 60-80° B. Thus, with the mixture 
of 3 vols, of the concentrated acid and 8 vols, water — i.e. an 
acid of 69° B — at the ordinary temperature, its action upon 
cotton does not become evident till after throe hours' ex- 
posure. With an aqueous acid containing 100 grams H^SO, 
per litre and at 80° C, the first appearances uf change in the 
cotton are noted at the expiration of five minutes ; after 
thirty minutes' exposure there is sensible disintegration ; 
after sixty minutes the conversion is complete, i.e. into a 
friable mass of hydro -cellulose. 
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I The subjoined are analysea of speoiinonB prodtioed under 
f variable conditiona of treatmetit of the coltoti : — 



Carbon , 
Hydrogen 



42-11) 12-50 
a '30 6' 50 

S]'60 sroo 



42'Oi 41 -HO 
6>70 I G-70 
51-26 51-50 



Viz. (I) and (2) by the action of sulphuric acid of -15° B. ; 
by the action of gaseous hydrochloric eoid in presence 
of nioieture ; (i) by the action of dilute aulphurio aoid 
(3p,ct. HjSO,) at ItO" C. The action of such acids, therefore, 
which do not combine with the cellulose to form definite 
etlerg (I'n/ro) is one of hydration and hydrolysis, the in- 
soluble product tending to a limit lepresented by the formula 
nfCiaHji^Om-H^O]. The hydration of cellulose to such a pro- 
duct is attended by a gain of weight. But the reaction 
studied in the masB, i.e. as an aggregate effect, is always 
attended by loss of weight, the hydro-cellulose weighing less, 
and under some conditiona of action of acids, much less than 
iginal eellulosa This is due to a further hydrolysis 
a portion of the cellulose to products soluble in water — 
iding, in fact, to the limit of extreme hydrolysis to des- 
trose. The reaction, in fact, is a complicated one, condensa- 
tion or dehydration playing an important part in the changes 
which may, in the net or aggregate effect, result in a hydra- 
tion of the cellulose. 

The properties of the hydro-cellulose are in some i-espects 
those of cellulose : it dissolves, though more readily, in the 
ipeoial Bulrents of cellulose ; and combines, but also more 
ily, with nitric acid (infra) to form a similar series of 
ates. Generally it is in all respects much more reactive. 
!t rapidly oxidises when heated at 100°, with disculora- 
; the brown-coloured products of oxidation are aolublfe 
rater, and reduce Fehling'a solutioTi. H.34i:i>-ci^-o\!3Wi''tt 
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attacked by dilute alkalis and diBsolved more or less ; the 

solutions are yellow in colour and reduce Fehling's solution. 

It is clear, therefore, that the main characteriatics of the 
hydro-celluloBe aeriea is a progreBsive hydrolysis of the 
celluloBe, with liberation of the CO groups of the constituorit 
hexose nnitB. These hydrolytic changes are attended by pro- 
gressive struotural disintegration, and the products have lost 
the characteristics of chemical inactivity. In all properties, 
therefore, which determine the industrial value of cellulose, 
and notably to the paper-maker, the hydro-cellnloses are 
inferior, or degradation product*. 

Technieal Applications. — ^The removal of vegetable fibres 
from mixed woollen refuse (shoddy), and of vegetable im- 
purities from raw wool, is effected by acid treatments of 
various degrees such as we have described, and to which the 
wool is. resistant. To the paper-maker hydi'o- cellulose has 
first the negative iiuportance that he has by all means to 
avoid its production in the finished web or sheet. 

SuLCHUEic Acid. — Di- and tri-hydrate- — HjS04.2HjO, 
HjSO, . 3 HiO— produce a special series of hydration effects. 
Unsized paper plunged into sulphuric acid diluted pi-eviousl)- 
with 3 to i its volume of water and cooled, is rapidly attacked, 
the paper becoming trausparent, owing to the swelling and 
gelatiniBation of the fibres. The reaction quickly becomes 
one of solutioi! ; but if the paper he transferred after short 
exposure to water, the acid compound is decomposed, and the 
resulting gelatinous hydrate is precipitated in silu. Tho 
product, after exhaustive washing and dryiug, is obtained as 
parchment paper. This modification gives a tough translucent 

The hydrated coraponnd itself, produced as descrihed, 
from ils resemblance to starch, has been termed amyhid. lis 
empirical composition is that of the hydro-celluloses, vin. 
n [CijHj^Oii], to which oompounda also it is closely allied 
in chemical properties," 
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Technical Application. — Tl»e process as described above 
is carried out industrially on ' continuous ' machinery, the 
parchment paper being produced in endless length. The 
product is variously applied as a substitute for paper where 
resistance to water is required. 

Nitric Acid of sp, gr. 1 • 4 also produces (without oxida- 
tion) an effect of a similar character. A short immersion of 
unsized paper, e.g. filter paper, in the acid, followed by 
copious washing, has a considerable toughening action, 
attended by a shinkage in linear dimensions of about y\j^.* 
The effect is made use of in the laboratory as a convenient 
method of toughening filter papers when required to stand 
exceptional fluid pressures. 

To follow a strictly logical order of treatment, we should 
describe here the compounds of cellulose, with acid radicals 
— the cellulose esters : for instance, the sulphates and nitrates 
which are formed on bringing cellulose in contact with 
the respective concentrated acids. But we defer the mention 
of these to a later section, for the reasons (1) that they 
have only an indirect bearing on the technology of paper- 
making, and (2) that we have yet to continue the dis- 
cussion of the relationship of cellulose to water and oxygen, 
upon the basis of the views which have been gradually 
developed to this point. 

Sulpho-Carbonates of Cellulose [Cellulose xantho- 
genie acid]. — We have shown that cellulose combines with 
the alkaline hydrates, and when the resulting compound, 
or alkali-cellulose (hydrate), is exposed to the action of 
carbon disulphide at the ordinary temperature, a simple 
synthesis takes place, which may be formulated by the 
typical equation : 

X.0Na + CS2 = CS.§^^. 

The best conditions for the reaction appear to be when 
the reagents are brought together in the molecular pro- 
portions : 

♦ See Journ. Ohem. Soc., 47, 18S. 
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C,H,„Os 2NaOH CS, 



[:)0-40H,O] ; 



^ 
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the second ONa gi'Oiip being in direct union with the cellu- 
lose molecule, which reacts, therefoce, as an alkali cellulose. 
The resulting oompound may therefore be desorihed as an 
alkali-celluloae-xanthate. It is perfectly solnble in water, 
to a solution of extraordinary viflcoaity. The course of the 
Teaction by which it ia iiroduced is marked by the fnrlhor 
Bwelliug of the mercerised fibre and a gradual conversion 
into a gelatinous transparent mass, which dissolves to a 
homogeneous solution on treatment with water. 

To carry out the reaction in practice, bleached cotton is 
treated with excess of a ] 5 p.ct. solution of NaOH, and 
squeezed till it retains about three times its weight of the 
solution. It is then placed in a stoppered bottle with carbon 
disulphide, the quantity being about 50 p.ct. of the weight 
of the cotton. After standing about three hours at ordinarj- 
temperatures, water is added sufficient to cover the mass, and 
the further hydration of the compound allowed to proceed 
spontaneously some hours (e.g. over night). On stirring, a 
homogeneous liquid is obtained, which may be diluted to any 
required degree. 

Thus prepared, the crude solution is of a yellow colour, 
due to by-products of the reaction (trithiocarbonates). The 
pure compound is obtained either by treatment of the 
solution with saturated brine or with alcohol. It forms a 
greenish- white flocculent mass or coagulum, which redis- 
Bolves in water to a colourless or faintly yellow coloured 
Bolution. Solutiuiia of the salts of the heavy metals added 
to this Bolntion precipitate the corresponding xanthates. 
Iodine acts according to the typical equation : 



a ox ^ xo ^s j^ , _ ,^., j^ p„ ox . xo^ 



CB „"„* + i?"s CS + I, = 2N.I + CS. "tit CS. 



The compound, which may be described as a cellulose 
diosythiocarbouate, is precipitated in the flocculent form ; it 
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Ib redissolved by alkaline Bolution, in presence of reducing 
agents, to form the original compound. 

The most characteristic property of the cellulose 
xanthates is (a) their spontaneous decomposition into cellulose 
(hydrate), alkali, and carbon disulphide — or products of in- 
teraction of the latter. When this decomposition proceeds 
in aqueous solution, at any degree of concentration exceed- 
ing 1 p.ct, cellulose, a jelly or coagulum is produced, of the 
volume of the containing vessel. These highly hydrated 
modifications of cellulose lose water very gradually, the 
shrinkage of the ' solid * taking place symmetrically. The 
following observations upon a 5 p.ct. solution (cellulose), kept 
at the ordinary atmospheric temperature, will convey a 
general idea of the phenomena attending the regeneration 
of cellulose from the alkali xanthate. The observations 
were made upon the solution kept in a stoppered cylinder ; 
after coagulation, the solution, expressed from the coagulum 
t)f cellulose by spontaneous shrinkage, was removed at inter- 
vals. Original volume of solution, 100 c.c. 





Time In days. 


Vol. of celluloBe 


Diff. from 100 c.c. 


Ciiagulatlou . 


. 8th day 


hydrate. 


= voi. expressed. 


First appearance ( „^^^ 






of liquid . 


f *^»" „ 


c.c. 


c.c. 




16th „ 


. 98-0 


. 2-0 




20th „ 


. 83-5 . 


. 16-5 




25th „ 


. 720 


. 280 




30th ,, 


. 58-0 


. 420 




40tli „ 


. 42-8 


. 57-2 




47th „ 


. 38-5 


. 61-5 



The shrinkage from a 5 p.ct. to a 10 p.ct. coagulum of cellu- 
lose hydrate is therefore extremely slow and fairly regular ; 
from 10-12 p.ct. there is considerable retardation ; and at 
12-15 p.ct. the coagulum may be considered as a hydrate, 
stable in a moist atmosphere. It follows from these observa- 
tions that if a 10-12 p.ct. solution be allowed to coagulate 
spontaneously, the resulting cellulose hydrate will undergo 
very small shrinkage if kept in a moist atmosphere. These 
observations indicate the uses which can be made of the 
solution in preparing cellulose casts and xaowXAs. 
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Aa regards the problem of hydration and dehydration of 
the cellnloae there are, of course, other methods of approxi- 
mately determining the ' force ' by which the water mole- 
oiileB are held. It is a problem of wide aigniflcance, by 
reason of the important part played by such hydrates in the 
economy of plant life. Further investigations of the problem, 
therefore, by the various known methods are being prosecuted. 

(6) Coagulation by heal. — The solution may be evaporated 
Bt low temperatures to a dry solid, perfectly re-aoluble in 
water. If heated at 70-80°, however, the solution thiekens ; 
and at 80-90° the coagulation (i.e. decomposition) is rapidly 
completed. If the solution he dried down at this ti 
tnre ia thin films, it adheres with great tenacity to the 
sur&ce upon which it is dried. On treatment with water, 
iowever, the cellulose film may be detached, and when freed 
from the by-products of the reaction the cellulose ia obtained 
as a homogeneous transparent colaurlesa sheet or film, of 
great toughness, which, on drying, hardens somewhat, in- 
creasing in toughness and preserving a considerable degree 
of elasticity. From the properties of the solution and of the 
cellulose regenerated from it, it will be seen that both are 
capable of extensive applications. 

Qdantitativb Regesegation of Cellulose fiiom Solution 
AS THiocAitBOSATE. — Very careful experiments have been 
made to determine the proportion of celluloso recovered from 
solution as fhiocarbonate. Weighed quantities of Swedish 
filter paper were dissolved by the process, and the solutions 
treated as follows : (o) allowed to ' solidify ' spontaneonBly 
at 15-18° ; (6) coagulated more i-apidly at 55-65° ; (c) sul- 
phurous acid was added in quantity sufficient to combine 
with one-third of the alkali present in the solution — the 
resulting solution being colourless ; this was then set aside 
to coagulate spontaneously. The regenerated celluloses were 
exhaustively purified, by boiling in sodium sulphite solution, 
digesting in acid, digesting in water, &c., and, repeating the 
treatments until pure, thoy were finally dried at 60° and 
finished at 100°. 
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Tlie following results were obtained : — 

Weight of Weight of 

original cellulose. regenerated cellulose. 

(a) . . 1-7335 .... 1-7480 
(6) . . 1-7415 .... 1-7560 
(c) . . 1-8030 .... 1-8350 

The results show a net difference of 1 • 1 p.ct. (increase), a 
quantity which, for practical purposes, may be neglected. 
As, however, the empirical composition of the regenerated 
cellulose indicates hydration to 4C6H10O5 . H2O (infra), and a 
corresponding gain of 2*7 p.ct., it appears that there is a 
slight hydrolysis of even this very pure form of cellulose to 
soluble products. From subsequent observations (p. 38) it 
will appear that the hydrolysis falls upon an oxycellulose, 
probably present in all bleached celluloses. 

The cellulose regenerated from the thiocarbonate differs 
from the original cellulose, so far as has been ascertained, in 
the following respects : — 

(1) Its hygroscopic moisture, or water of condition, is some 
3-4 p.ct. higher, viz. from 9-10*5 p.ct. 

(2) Empirical composition. — The mean results of analysis 
show C = 43*3, H = 6'4 p.ct., which are expressed by the 
empirical formula, 4CeHio05 • HgO. 

(3) General properties, in the main, are identical with 
those of the original, but the OH groups of this cellulose are 
in a more reactive condition. Thus, this form of cellulose is 
acetylated by merely heating with acetic anhydride at its 
boiling point, whereas normal cellulose requires a tempera- 
ture of 180° C. (^Vide Cellulose Acetates.) 

As regards reaction in aqueous solution, we may notice 
that it has a superior dyeing capacity, and also combines 
with the soluble bases to a greater extent : e.g. if left some 
time in contact with a normal solution of sodium hydrate, it 
absorbs from 4* 5-5 '5 p.ct. of its weight in combination. 

Towards the special solvents previously described it 
behaves similarly to the normal or fibrous cellulose ; the solu- 
tions obtained are, however, more viscous aiiA\e>^» ^'^■au\i\T^'csvvai, 
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The tliiocarbonate reaction throws light on that a 
what vague quantity, the ' reacting unit ' of celluloee. We 
tiBc this term in preference to that of molecular weight ; for 
the latter quantity can be determined only for bodies which 
readily asBume the eimpleat of statee, and 'which can be 
BBCertained by physical measuremente to be in that state ; 
whereas in the case of oellulose the ordinary criteria of 
molecular eimplicity are quite inapplicable. 

We have formulated the synthesis of the thiocaibonate as 
taking place by the interaction of OflBmOs : 2NaOH : CS„ ; 
or in approsiniate percentage ratio — 

Cellulose: Alkali: Carbon disulphide = 100: 60: 60; 

or, again, in terms of the ooustituenb) estimated in the 
analysis of the product — 

Cellulose: Alkali (Na,0) ; Sulphur = 100: 40: 40. 

If, now, the crude product be precipitated from aqueous solu- 
tion by alcohol or brine, and again dissolved and reprecipi- 
tated, the ratio changes to TOO: 20: 20; and, through a suc- 
cession of similar treatments, the ratio of alkali and sulphur 
to cellulose continually diminishes the product, however, 
preserving its solubility. In fact, no definite break has been 
observed in the continuous passage from the compound as 
originally synthesiaed to the regenerated cellulose (hydrate). 
It is clear, therefore, that the j-eacting oelluloee unit is a con- 
tinually aggregating molecule ; and if in the original syn- 
thesis it appears to react aa CjHjyO^, so in a thiocarbonate 
oon'aining, e.g. only 4 p.ct. Na^O, the unit ia IOCaH,oOB. 
Theie being, moreover, nii ascertainable break iu the series, 
■we have no data for assigning any limiting value to the 
reacting unit under these conditions. Ail we can say is, 
that the evidence we have points to its being of indefinite 
magnitude; and we can see no a jiriort reason why it should 
not be so. 

In discussing this reaction we have left out of considera- 
tion the part played by the water. It may be noted that a 
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1 p.ct. Bolutioii of cellulose (as thiocarbonute) will ' set ' to a 
€mi jelly of hydrate, of the volume of the containing vessel ; 
and that even at 0*25 p.ct. cellulose, gelatinisatiun of the 
liquid occurs in decompositicHi. We have also pointed out 
that a hydrate containing only 10 pet. cellulose is a sub- 
stantial solid which gives up water with extreme slowness. 

Cellulose, therefore, affords conspicuous illustrations of 
the property which the * colloids ' have, as a class, of ' fixing * 
water, and of the modes in which this property takes effect. 
In regard to the causes underlying this peculiar relation- 
ship to water, we know as yet but little. It is to be noted 
that the group of colloids comprises bodies of very various 
chemical function, acids, bases, salts and compounds of mixed 
function, as in the complex carbohydrates and proteids; the 
only possible feature common to so varied a group would be 
that of molecular arrangement, favouring the aggregation of 
the molecules, together with those of water, to groups of 
indefinite magnitude. On this subject, however, conjectures 
must, for the present, do duty for a theory which can only 
be shaped by further investigation. 

Technical ajpplications. — The solutions of cellulose in the 
form of sulphocarbonate are prepared for industrial use at 
concentrations of 10-20 p.ct. (cellulose) according to require- 
ment. The product in this form is known as * viscose.' Its 
uses depend upon the ease with which the cellulose can be 
regenerated from the solution and in any desired form, viz. 
compact solid (*viscoid'), sheet or film, powder, or lastly 
thread (* lustra-cellulose 'j — retaining in these forms the 
essential properties of the original fibrous cellulose. 

Viscose is used in the engine sizing of pulps for working 
up into paper and boards ; in the coating of papers as the 
vehicle, chiefly for white pigments such as barium sulphate 
and China clay ; in the preparation of filmed fabrics such as 
' leather cloths ; 'and for a number of other similar purposes. 

These applications all depend upon the relatively low 
cost of production of this particular solution of cellulose, 
together with the obvious advantages oi an ac^vx^ovvs* %i^S:QJC\w:w 
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from which cellaloae is directly regenerated by a variety of 
simple loetliods. 

Celluloae and Acid Radicals: Cellaloae Eaters. — 

For the reaeone previously given, these compounds will only 
be briefly described, i.e. only bo far as is necessary to c 
plete our review of the generul chemistry of cellulose. While 
these derivatives are many of them of enormouH industrial 
importauce, they have only an indirect connection with the 
work of the paper-maker, and for further information we 
must refer him to special treatises. 

An ester raay be generally defined as a species of salt 

I formed by union of an alcoholic OH group with an acid, 

I water being formed and eliminated. In these reactioua 

I cellulose may be represented by its unit group CjHioOj. 

I In this unit there are several OH groups, eaob capable of 

' such combination. On general grounds, in fact, it might be 

«pected that four of the five atoms of represent OH 

gronps, and the formation of a tetracetate has supplied the 

- proof that the formula may be written CaHcO (OH)j. The 

highest nitrate which has been obtained is, on the other band, 

the (rt-jiiiraile, CoHjO^ (ONOj)^. 

Certain of these esters may ba formed withont destroying 
the fibrous form of the original cellulose (nitrates, ben- 
ziHttes} ; in others the combination is attended by solution 
of the cellulose (acetates, sulphates). Similarly, from the 
amorphous modifications of cellulose, nitrates and benzoates 
may be formed without solution of the product. 

Nitric Esters: Cellulose Nitrates. — These are the 
best known of the synthetical derivatives of cellulose, their 
discovery dating baofc over fifty years, during which period 
they have come into ever-increasing industrial application. 
They are formed by the intor-action of cellulose, in any form, 
[ and conpentrated nitric acid. Water being formed simul- 
taneously, it is usual to carry out the reaction in presence of 
I sulpburic acid, which combines with and removes the water 
from the sphere of reaction. 

le view of the entire aeries of these nitrates is 
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given by Vieille in a paper entitled * Sur les d^gr^s de la 
Nitrification limites de la Cellulose.' * From the title of this 
author's communication, it may be concluded that it is a 
study of the nitrations of cellulose (cotton) under the con- 
dition of progressive variations, with the view of deter- 
mining the maximum fixation of the nitric group corre- 
sponding to such variations. The most important factor 
of the process is the concentration of the nitric acid, which 
was the variant investigated. The temperature was kept con- 
stant — 11° C. — and the nitrating acid (nitric acid only) was 
employed in very large excess (100-160 times the weight of 
cellulose), so as to avoid disturbance of the results by rise of 
temperature or by dilution of the acid. The products were 
analysed by Schloesing's method, and the analyses are ex- 
pressed in c.c. NO (gas) (at 0° and 760 mm.) per 1 grm. of 
substance. 

In regard to the time factor, or duration of exposure to 
the acid required to give the maximum number, this was in 
cases controlled by observation. Thus with the. acid HNO3, 
J HgO (1 • 488 sp. gr.), after 48 hours the product was still 
blued by iodine, and gave 161 c.c. NO ; whereas after 62 hours* 
exposure the iodine reaction was not obtainable, and the 
maximum number (165*7 c.c. ^NO) was obtained. At the 
slightly lower gravity 1'483, an exposure of 120 hours was 
necessary. At the still lower gravity when the cotton 
(nitrate) passes into solution, the maximum is very rapidly 
attained (5 minutes). 

The highest nitrate obtained as above, with nitric acid 
only, is somewhat lower than when sulphuric acid is present. 
Under these latter conditions the author regards the highest 
nitrate obtainable as C24Hj;8 (N03H)jli09. 

The following is a brief account of the usual methods of 
preparation, and of the properties of the various products. 
In the case of this series the cellulose unit group is taken 
as C12H20O101 by which device a nomenclature in fractional 
propoi-tions is avoided. 

• Corapt. Rend. 95 13^. 




PAPER-MAKIKG. 



BtrnetamI rmtores of ootton |it«- 
nerreil : mloble in acetic ethN ; 
not in ether-fllcohol 

C..H,.{NO,H)„0„ 

AppearaiioeB anrhknged: •oluhle 
' I Fthn->Ia)hi>l ; rollodionoottim 

C„H;^"0^). .0,, 

c,.h;.<no,H),o„ 

Fibie BtiU anreaolied : wlaUe ms 
above, but solnlioua more gela- 
linona aiid threadr 

Diagolrat'OltontOTUaHusalDtion ; 
140-5 I pradiiFlB precipitated br wakr : 
140 '0 1 geUtiniaed by arctic eibri: Bat 
139-7 etiier-alndml 

C„H„(\0,H1,0„ 

Friable pnlp: blued stnmg'ly by 

iodine in HIaidution: iosolabte 

in skoholie »lvents 

OHH»,(NO,H)iO,, 

C5.H^NO,H),0,. 



Several well character! Bed nitrates have been formed, but 
it is & very difficult matter to prepare any ooe iu a Gt«te of 
poritj, and without admixture of a higher or lower nitrated 
body. 

The following are known : — 

Hexa-nitrate, CiiH,^0,(N03)g, gim-ootton. In the fiw- 
a of this body, nitric acid of sp. gr. 1 -S, and Bulphoiio 

dof ap. gr. 1-84 are mixed, in varying proportions — about 
3 of nitric to I of sulphuric Soiuetimee this proportion is 
veveraed, and cotton inunereed in this at a temperature not 
exceeding 10° C. for 24 hoars: 100 parts of oellulosc yield 
about 175 of cellulose nitrate. The hexa-mtrat« so prepared 
is insoluble in alcohol, ether, or mixtures of both, in glacial 
aoetic acid or methyl alcohoL Acetone disBolyee it very slowly. 
This is the most explosive gun-cotton. It ignites at 160°— 
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170" C. According to Eder, the niixtures of nitre and sal- 
jjhuric ttcld do not give this nitrate. Ordinary gun-cotton 
may contain ae inucb as 12 per cent, of nitrates soluble in 
ether-alcohol. The hesa-nitrate seoms to ba the only one 
quite inaolubte in ether-alcohol. 

Penta-nitrate, Ci^HuOs (NOj)^. This composition has 
been very conimouly asoribed to gun-cotton. It is difficult, 
if not iTiipossible, to prepare it in a state of purity by the 
direct action of the acid on celinloae. The beat method ie the 
one devieed by Eder, making use of the property diecovered 
by de Vrij, that gun-c»tton ( he xa -nitrate) dissolves in nitric 
acid at about 80 or 1^0° 0., and is precipitateii, as the penta- 
nitrate, by snlphuric acid after cooling to O'^C; after mixing 
with a larger volume of water, and washing the precipi- 
tate with water and then with alcohol, it is dissolved in 
ether-alcohol, and again precipitated with water, when it is 
obtained pare. 

This nitrate is insoluble in alcohol, but dissolves readily 
in ether-alcohol, and slightly in acetic acid. Strong potash 
solution converts this nitrate into the di-nitrato CijH^gO^ 
(N03)3. [EderO 

The tetra- and tri-nitrates (collodioa pyroxyline) are 
generally formed together when cellulose is treated uith a 
more dilute nitric acid, and at a higher temperature, and for 
a much shorter time (13 to 20 minutes) than in the formation 
of the hexa-nitrate. It is not possible to separate them, aB 
they are soluble to the same extent lo ether-alcohol, acetic- 
ether, or wood spirit. 

On treatment with concentrated nitric and sulphuric acid, 
both the tri- and tetra-nit rates are converted into penta-nitrate 
and hexa-nitrate. Potash and ammonia convert them into 
di-nitrate. [Eder.] 

Cellulose di-nitratc^ CigUijOg (NOg}.j is formed as a product 
of partial saponification^>y the action of alkalis on the higher 
nitrates, and also by the action of hot dilute nitric acid on 
cellulose. The di-nitrate ia very soluble in alcohol-ether, ■ 
acetio-ether, and in abaolute alcohol. ¥vwtfc.et wASo^ o'v 
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alkaliB on the di-nitrate results in a complete decomposition 
of tlie molecale, some organic acids and taiTy matters bemg 
formed. [Eder.] 

"By the graduated action of allc&line hydrates on the 
nitrates previously dissolved, hydroxy pyruvic acid is obtained 
" product. [W. Wm.] 

Technical Applications, — The nitrates of cellnlose, as such, 
are the basis of extremely important industries, and of very 
opposite character, viz. (I) the production of esplosivea 
both for military and industrial use, and (2) as a structural 
material in the production of xylonite and celluloid, both in 
the form of compact solids and in sheet or film. The latter 
uses depend upon the ease with which the nitrates are brought 
into a plastic condition, or entirely dissolved in various 
' neutral ' solvents, e.g. alcohol-ether, acetone, amyl acetate. 
In aaaociation also with camphor and vegetable oils (castor 
oil) their plastic qualities are considerably heightened. 

In later years the nitrates have been used as a means of 
obtaining an artificial cellulose fibre : the solutions of the 
nitrate being drawn or spun into water as a precipitating 
solution or into air and the thread is afterwards ' deaitrated ' 
by treatment with ammonium sulphide. The resulting pro- 
duct is a practically nitrogen-free cellulose. It is known as 
artificial silk, or by the more appropriate lerm, lusti a-cellulose. 

CelluloBe Acetates. —Certain of the polyhydric alcohols, 
e.g. glycerin, unite directly with acetic acid to form acetio 
eflters. Celtuloae, however, is indifferent to acetic acid under 
any conditions of action so far investigated. Neither does 
it react with the anhydride of the acid at its boiling point-; 
but at 130°, in contact with sis times its weight of ibe 
anhydride, it ia converted into the triacetate (Schntzenberger). 
With twice its weight of the anhydride, on the other hand, a 
mixture of lower acetates is obtained, insoluble in glacial 
acetic acid. The triacetate is freely soluble in the acid. 
The solutions are highly viscons and are filtered with ex- 
ioulty. Passage through filter paper is facilitated 
by dilution with chloroform and benzene. The acetate is 
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soluble, as are all the esters of cellulose, in nitro-benzene. 
The cellulose regenerated from the thiocarbonate solutions, 
it is to be noted, reacts with the anhydride directly, passing 
gradually into solution in the anhydride at its boiling point. 
The product appears to be the tetracetate. The fibrous 
celluloses of straw and esparto are also pai tially acetylated 
under these conditions. 

Eeaction of the normal cotton cellulose with acetic 
anhydride, at the boiling point of the latter, is determined 
by the addition of zinc chloride in relatively minute pro- 
portion (Franchimont) ; probably, however, as the result of a 
previous hydrolysis of the cellulose. Iodine has also heen 
found to determine the reaction. 

The most characteristic acetylation of cellulose, however, 
is the following : — The cellulose regenerated from the thio-. 
carbonate is, after purification, mixed with the molecular 
proportion of zinc or magnesium acetate [OeHjoOg : Zn 
(0.02H30)2] in concentrated solution, the mixture dried down 
on the water-bath, and finally dehydrated at 105°. It is 
then moistened with acetic anhydride, and acetyl chloride is 
added in the proportion of 2'C2H30'C1. Beaction ensues 
at 30-50°, the mass liquefies, and the formation of cellulose 
tetracetate results. The pure product is obtained as an 
opaque, white, voluminous powder, soluble in acetic acid and 
chloroform, to solutions of high viscosity which, on evapora- 
tion in thin layers, leave the acetate in the form of transparent 
coherent film. On boiling these films with normal sodium 
hydrate diluted with an equal volume of alcohol, the ester is 
resolved into acetic acid (soluble as sodium acetate) and 
oellulose (insoluble). The celluh se is obtained as a trans- 
parent coherent film. This is an important criterion of a 
true cellulose acetate, as distinguished from acetates of deriva- 
tives of lower molecular weight; the latter giving brittle 
films which are more or less disintegrated by the process of 
saponification, and also yield a proportion of soluble carbo- 
hydrates, reducing cupric oxide in alkaline solution. 

Technical Aj)plieation8.— The acetateB Wvq otA"^ t^^ifcXiJCcj 
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been prepai-ed on tlie manufacturing Boale. TEeir physical 
properties are very similar to those of the nitrates ; they are, 
however, non-explosive and withstand a temperature of 200°. 
It appears, therefore, that they are capable of substituting 
the nitrates in manj' of their useful appliciitions other than 
KB explosives, and with greatest advantage when the proper- 
ties of an explosive or Jiigh inflammability are not meiely 
superfluous but prejudicial. 

Cellulose Benzoates, — Esters containing the radical 
of beiisuic acid are obtained by inter-action of the alkali 
celluloses with benzoyl chloride in presence of excess of the 
aqlution of alkaline hydrates. 

(a) Mercerised Cellulose.- — The benzoatca obtained fiom 
the alkali celtulose in this form rutain the iibrons structure 
of the original cellu'ose. A mixture of products is obtained, 
varying in ci'mposition from a uiono- to di-benzoate. 

(6) Soluble Alkali Cetluloees.— These react in a more 
definite way : the products are purified by dissolving in 
glaoial acetic acid, filtering from residues of unattacked 
oelluose, and reprecipituting by water. Thus isolated, the ben- 
zoates approximate in composition to CsBiO^<^q' ^^^w^^, i.e. 
to di-benzoate. The benzoates have been but little studied, 
and at present they have a purely theoretical interest. 

Cellulose -Sulphuric Acids.— The solution of cellulose 
in conceutrated sulphuric acid is attended by combination, 
which may be formulated as under; — ■ 



p„„(OE) , H.SO.H 



com pi 
I pioba 

^H^ reaoh 

^^H bariui 



The compound is described by Stern — the author of the 
most recent contributions to the subject — as 'cellulose' di- 
snlphurlo acid'; but it bas not been det^rmintd that the 
compound is a true cellnlose derivative. It is more than 
probable that the original cellulose molecule is f-imultaneously 
resolved. The compound may be isolated in the form of its 
barium salt, CjHB03{S04)2Ba, which is insoluble in alcohol. 
A. L. Stern, Joum. Ciiem. Soc., 1895, i., 74.-90, 
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The formation of a derivative of thjs formula is the first 
■toig^ in a complicated process of resolution of cellulose, 
whidi^ ia Boany respects resembles that of starch by hydro- 
lytic agents. The ultimate product in both cases is dextrose. 

Constitution of Cellulose. — What we have now set 
forth with regard to the typical cellulose as a chemical 
individual, is the basis of all we cnn be said to know of its 
molecular constitution. Its resemblance to starch conbists 
(1) in the identical empirical formula CeHigOg ; and (2) in 
both being resolved by ultimate hydrolysis into dextrose 
groups, which fact is represented by an aggregate formula 
fi[OjHio05]. But whereas starch is resolved by enzyme 
action in such a way that the stages of hydrolysis can be 
accurately followed, cellulose requires severe treatment, the- 
hydrolysis being complicated by reactions which make it. 
impossible to graduate the changes. 

It is essential to give expression to these fundamental 
differences. The behaviour of starch implies that the link- 
ing of the aldose groups is by way of the typical carbonyl 
oxygen ; whereas in cellulose we may very well assume a. 
carbon-to-carbon type of condensation. 

Thus, to form a polysaccharide of the starch type, the. 
dextrose molecules would condense as under : — 



OH J OH XI o CH 
OH OH (H0CH)3 



(OH OH), HOCH 
OH ^1 OKCU, 



- 4 H,0 = 



CH2 

I O2 OH 
OH 

I 
(CH0H>3 (HOtH), 



L 



^^ CH 
O2 I 



The cellulose type may be formulated by contrast : — 
OH JC(,OH\ CO 



X 

HO'CH CHOH OHOH CHOH derived HO'CH OHdH 
I I I I from the | I - - 

HOCH CHOH HOCH CHOH unit group HOCH CHOH 

rOH) ' ^^CH / ^ OT.^ 
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wbioli DDit group fairly generalises the reactions of c 
i.e. tihiefly (l) the formation of a tetracetate ; (2) t 

actions with alkalis in which two OH gi'oups take part. 

lOlion with nJti'ic and sulphuric acids, in which a lesser 
proportion nf OH groups take part than in (1), are explained 
by the highly ' negative ' function of the acid radicals com- 
liiuiag and by probable attendant condensations. 

It wonld convey a falao inipression to attempt to repre- 
sent the conblitution of cellulose more closely. In systematic 
chemistry, a constitutional formula is justified by the syn- 
thesis of the G 111 pound from components of known structure : 
this criterion is uicesta ly wanting in the case of cellulose, 
&a it is also in that of starch. Tbe synthesis of both com- 
■ponnds has so far only been observed in or by the living 
■cell. Two more simple I'ases of cellulose synthesis may be 
Doted, in which its fumiation takes place directly from the 
cryntalli sable sugars. 

(1) As a result of a change which is set up 'spon- 
taneously ' in beet juice, a white insoluble substance is 
iormed and separated in lumps or clots : this substance has 
all the characteristics of cellulose. After separating this 
substance, the solution gives with alcohol a gelatinous pre- 
cipitate resembling the -Iiydrafes of celluioso previourfy 



if cellulose, ^^M 
(2) the re- ^M 

I 

I 



(2) The 'vinegar plant' takes a membranons form which, 
under microscopic examination, is seen to be clearly differ- 
entiated from ihe zoogloea form of the Bacterium Aeeli.^ It 
is, in fact, compcsed of bacterial rods of two /i length 
contained in a membranous envelope. This envelope has 
the properties and composition of cellulose. Pure oultuie 
of the organism placed in solutions of levulose, mannitol 
and dextrose reproduce the growth in question, i.e. of the 
bacteria enveloped in a ' collecting medium ' of cellulose. 
The proportion of cellulose formed to the soluble carbohy- 
drate disap pealing, is highest in the case of levnlose. Ihe 
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cellulose, however, when hydrolysed by sulphuric acid, gives 
a dextro-rotary sugar. This fact contains a suggestion that 
the oxygen in cellulose is of ke tonic type or iunctiou. 



Up to the present, in the outline which we have given of 
the chemistry of the typical cellulose, we have been chiefly 
concerned with its OH groups ; considered broadly, we have 
studied the compound from the one aspect of its relationship 
to water. As a substance playing an enormously preponderat- 
ing part in the plant world, its relationship to oxygen^ i.e. 
generally to oxidising agents, is of equal importance, since 
the chemistry of our planet is obviously a * water and oxygen' 
chemistry. 

We note, in the two succeeding sections, the more im- 
portant destructive actions determined by oxidising agents 
and water (hydrolysis). 

Decompositions of Cellulose by Oxidants. — It has 
been already pointed out that cellulose is comparatively 
resistant to the action of oxidants ; that most of the processes 
for isolating or purifying (bleaching) cellulose depend, j»er 
contra^ upon the use of oxidising agents, which readily attack 
the * impurities' with which it is combined or mixed in raw 
fibrous materials. The cellulose resists the action of these 
oxidising agents, and, further, withstands in a high degree 
the action of atmospheric oxygen. It is this general inertness 
of the compound which marks it out for the unique part 
which it plays in the vegetable world and in the arts. 

It must .be again noted that this high degree of resistance 
to hydrolysis (alkalind) and oxidation belongs only to cotton 
cellulose and to the group of which it is the type, and which 
includes the celluloses of flax, rhea and hemp. A large 
number of celluloses, on the other hand, are distingushed by 
considerable reactivity, due to the presence of * free ' CO 
groups, and are therefore more or less easily hydrolysed an.d 
oxidised. The * celluloses ' of the cexeaV Btra^a «i.u^ fe«^vt\ft 
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^^^H grass are of this type, and hence the relative inferiority of 
^^^H papers into the oompoaition of which they enter.* 
^^^H On the other hand, we have now to study those processes 
^^^H of oxidation to whit'h it yields more or lesa readily, 
^^^p A. Oxidation in Acid Solutioss. — (1) Nitric acid 
^^^ (!■ 1-1 '3 sp. gr.) attacks colluloae at 80-100°, at first slowly 
then more rapidly, but tending to a limit atwhioh the action 
again becomes very slow. This limit corresponds with the 
furmation of a characteristic product of oxidation — oxycellalnse. ^ 
This subtance, which is white and flocculent, when thrown ^M 
upon a filter and washed with water, combines with the lattt r ^M 
to form a gelatinous hydrate. It requires, therefore, to be ^| 
rapidly washed with dilute alcohol. It amonnts to about 
30 p.ct. of the cellulose acted upon, the remainder beiog for 
I the most part completely oxidised to carbonic and oxalic acids. 

^^H On ultimate analysis it gives the following numbers : — ^1 

■ g l:*}c..H..o„. I 

' It dissolves in a mixture of nitric and sulphuric acids, and H 

on pouring into water, the nitrate CiaHM*^i3 (NOa)^ separalea H 
as a white flocculent prcci|>itate. From the low number of g^ 
on groups reacting with the nitric acid, it may bo concluded 
that the compound is both a condensed as well as an oxidised 
derivative of cellulose. This oxycellulo.-e dissolves in dilute 
solutions of the alkali:^, and on heating the solutions they 
develop a strong yellow colour. Warmed with concentrated 
sulphuric acid it develops a pink coloration similur to that 
of mucic acid. The compound exhibits generally a close re- 
semblance lo the pectic group of colloid carbohydi-att-s. 

The by-products of this oxidation are carbonic andosalic 
acidti, together with the lower nitrogen oxides. The solution, 
examined at any stage, appears to coutain traces only of inter- 
mediate products of oxidation of the cellulose. The reaction 
is divisible into the two stages; (1) the conversion of the 
cellulose into hydracellulose, evidenced by its breaking down 

• J^uni. Cliem. Soc., 1891, ill. 
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to 8; fine flocculent powder; and (2) the oxidation of the 
hydracellnlose. 

The oxycelluloses resulting from this process di£fer from 
those formed by the action of CrOg (tn/ra), in giving small 
yields only of furfural (2-3 p.ct.) on boiling with HClAq 
(1 '06 sp gr.). It is also to be noted that the carbon is higher 
than that of the oxycelluloses, giving large yields of furfural 
(p. 49). These points' suggest that, side by side with oxi- 
dation, combination of the negative oxy-groups with the 
more basic groups of unattacked molecules takes place, 
giving derivatives of the nature of esters. And, indeed, the 
reaction may be even more complicated. It is clear, from 
the composition of the nitrate, that the proportion of basic 
OH groups is reduced to a minimum. 

The reaction requires further systematic research in the 
light of our increased knowledge of the constitution of the 
simpler carbohydrates and the simple products of their 
oxidation. 

(2) Chromic acid, in dilute solutions, attacks cellulose with 
extreme slowness ; in presence of mineral acids oxidation 
proceeds more rapidly, but at ordinary temperatures is still 
very slow. The action is, therefore, easily controlled within 
any desired limits the oxidation being in this case, of course^ 
directly proportionate to the amount of CrOg presented to 
the fibre. The oxidation is accompanied by disintegration, 
and the insoluble product is an oxidised cellulose, or oxy- 
oellulose, the yield and composition of which bear a simple 
relation to the amount of oxidation to which the cellulose is 
subjected. Its properties are similar to those of the oxy- 
cellulose above described. It dissolves in a diluted mixture 
of sulphuric and hydrochloric acids (67 p.ct. H2SO4, 6* 6 p.ct, 
HCl), and on diluting and distilling with HClof 1*06 sp.gr., 
is decomposed with formation of furfural, C4H3O.COH, the 
yield of this aldehyde being proportionate to the state of 
oiddation of the product. 

This is illustrated by the subjoined results of observa- 
tions: — 
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^^H^ The first effect of treatment with CrO^ appears toie that 

■ of simple combiiiation ; leiluclion to the Cr^Oj then ensaes, 

and the further deosidation i-equirea the presence of a hydro- 
lining acid. 

From the Btatistics of the reaction it appears there is little 
' destruction ' of the cellulose ; and, as the oxidation is not 
attended by evolution of gas (CO^), we may assume that the 
reaction couaists simply in oxidation with the fiiation of 
water, A certain proportion of the products are dissolved 
by the acid solution, and of the insoluble residue (oiycelluloBe) 
a large proportion is easily attacked and dissolved by alkaline 
Bolutione. The product is no doubt, therefore, a mixture ; and 
indeed, it would be hardly conceivable that an aggregate like 
cellulose should be equally and simultaneously attacked. 

The reaction is bo perfectly under control that it must be 
regarded as giving a regulated dissection of the molecule of 
cellulose, and therefore is an especially attractive subject fur 
exhaustive iuves ligation. 

The carbohydrates of low molecular weight are similarly 
oxidised by chromic acid, and the product of oxidation simi- 
larly resolved with formation of furfural. 

It ia to be noted with cellulose, aa with the carbohydrates 
of low molecular weight, that by oxidation its equilibrium is 
disturbed in such a way that carbon condensation is easily' 
determined. This fact is of physiological significance, and 
.■will be referred to subsequently. 

(3) 0/ other aeid otcidaliojis which have not been particu- 
larly investigated we may mention the action of 01 gas in 
presence of water, of hypochlorous acid, and of the lower 
oxides of nitrogen in presence of water. Generally the 
-result of these treatraenta is similar: the formation of in- 
■oluble products having the properties of the oxycelluloses 
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above described, and soluble products vhich are oxidised 
derivatives of carbohydrates of low molecular weight. 
These, however, are usually obtained in relatively small 
quantity. 

Atmospheric oxidation of cellulose — if it could be proved 
to take place — would fall in this category, as cellulose sur- 
faces under ordinary conditions of exposure would be found 
to be normally acid. From the evidence we have of the 
condition of paper and textiles of the flax group after cen- 
turies of exposure to ordinary atmospheric influences, we 
may conclude that the oxidation of the normal celluloses 
under these conditions is excessively slight. 

B. Oxidations in Alkaline 8oLVTioi!i.—{}) Hypochlorites, 
in dilute solution ( < 1 p.ct.) and at ordinary temperatures, 
have only a slight action upon cellulose — a fact of the highest 
technical importance, since hypochlorite of lime (bleaching 
powder) is the cheapest of all soluble oxidising compouuds, 
and the most effective oxidant of the coloured impurities 
which are present in the raw cellulose fibres or formed as 
products of alkaline hydrolysis. 

While the normal celluloses withstand these bleaching 
oxidations, there ai^e many celluloses widely differentiated 
from the cotton type which are eminently oxidisable, and, at 
the same time, susceptible of hydrolysis. . The * celluloses * of 
espario and straw are of this kin<l (see p. 49), and the economic 
bleaching of paper pulps prepared from these raw materials 
can hardly be expected to follow upon the same lines as that 
of *rag' pulp (cotton and linen). A study of the factors 
involved in the process will be found in a paper entitled 
* Some Considerations in the Chemistry of Hypochlorite 
Bleaching.' * These factors are — in addition to temperature 
and concentration (CljO) of the bleaching solution^ — the 
nature of the base in union with the hypochlorous acid, and 
its. proportion to the acid. A knowledge of the operation 
of these factors will enable the bleacher to control a process 
whioh is usually carried out on an entirely empirical basis. 

* JpuTD. Soc. CJiem. Ind. 1890. 
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The reeistwice of cellulose to the action of these Bolutiona 
necessarily has its limits, and when these are exceeded the 
fibre- substance is oxidised and disintegrated, and an oxy- 
cellulose results. These effects are rapidly produced by the 
joint action of hypochlorite solutions and carbonic acid. 
The oxycelluloBe formed in this way acquiring the property 
of seleotive attraction for certain coloaring matters — notably 
the basic coal-tar dyes— its presence in bleached cloth is 
easily detected by a simple dyeing treatment consisting in im- 
mersing the oxidised fabric in a dilute solution (0'5-2'0 p.ct.) 
of one of these dye stuffs, e.g. methylene blue. Local over- 
oxidation may be diagnosed in this way with certainty, and 
bleachers' damages may he thus ascertained and oft«n traced 
back to the operating cause in the light of this ' oxjcellu- 
lose ' teat.* 

The osyoellulose or disintegrated fibre resulting from 
this process of oxidation differs but little in empirical com- 
position from cellulose itself, probably owing to the fact that 
the more highly oxidised products are dissolved in the solu- 
tion of the oxidant, which is, of course, basic. Its reactions 
indicate the presence of free CO groups, and it readily under- 
goes further oxidation by atmospheric oxygen, the oxidation 
being much accelerated by temperatures over 60°. The OH 
gronjis of this oxycellulose are also more reactive than those 
of the original cellulose, acetylated derivatives being obtained 
by boiling the product with acetic anhydride. 

The facts in relation to the conversion of cutton oelluloee 
into oxycellulose by the action of bleaching powder were 
first made known by Oeurges Witz in 1883. 

Since then a number of papers have been published 
dealing with special aspects of the phenomena — theoretical 
and practical. Of these we may cite ; Schmidt, Dingl. J. 
250, 271 ; Franchimont, Eec. Ti-av. Chim. 1883, 24.1 ; Nolting 
and Rosenstiehl, Bull. Rouen, 1883, ITO, 239; Nastjukow, 
Bull. Mulhouse, 1892, 493. 
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It is probable on many grounds that the oxidised products 
obtained from cellulose by the action of the hypochlorites in 
the manner described are mixtures of one or more oxycellu- 
loses with residues of unoxidised cellulose. More recent 
inyestigation has led to the conclusion that the extreme pro- 
duct of oxidation is an oxycellulose of the empirical formula 
CeH^oOe, which is freely soluble in dilute alkaline solutions 
in the cold; and that cellulose oxidised by hypochlorite 
solutions is a variable mixture of this product with hydra- 
cellulose, and unaltered cellulose. (Nastjukow.) 

By drastic oxidation of cellulose by the oxyhalogen com- 
pounds — ^Le. by treatment with chlorine or bromine in pre- 
sence of alkaline ^hydrates — the molecule is entirely broken 
down to the simplest products. With bromine, i.e. hypo- 
bromite, some quantity of bromoform is obtained ; carbon 
tetrabromide is also easily obtained and identified.! 

(2) Permanganates. —The permanganates in neutral solu- 
tion attack cellulose but slowly, and they may therefore be 
usefully employed as bleaching agents. In presence of 
alkalis a more drastic oxidation is determined. The degree 
of oxidation is, of course, dependent upon the conditions of 
treatment. The following general account of a particular 
experiment and its resulrs will illustrate its main features. 

22*6 grms. cellulose, with 400 c.c. caustic soda solution ; 
50 grms. KMnO^ added in successive small portions; tem- 
perature, 40-50°. Proportion of cellulose to oxidising 
oxygen, 2CeHio06 : 70. 

The main products were — 

(a) Oxyoellalose . . . 10 • 5 grms., approximately 50 p.ct. 

(/B) Oxidised carbohydrates! q.k i^ 

in solution . . ./ "^ ^ " " ^^ ♦• 

(7) Oxalic acid . . . 4*3 „ „ 20 „ 

(8) Carbonic acid, water and \ -.^ 

traces of volatile acids/ • • • » ^* >» 

(a) The oxycellulose gelatinised on washing and was 
similar to the product obtained by the action of nitric acid 

* See. 65, 262. 
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(^) The oxidised carbohydrate in solution resembled 
caramel ' in appearance. The compound or mixture was 

precipitated by basic lead acetate, and isolated by decom- 
posing the precipitate with hydrogen stilphide, filtering and 
evaporating. On distiUatioti from hydrochloric acid, furfural 
was obtained in large proportions. 

(3) Extreme action of oiioiine hydratfi. — When fused at 
200-300° 0. with two to three times its weight of sodium or 
potassium hydrates, cellulose is entirely resolved, the charac- 
teriijtic products being hydrogen gas and acetic (20-30 p.ct.) 
and oxalic (30-50 p.ct.) acids. Generally the reaction takes 
the same course as with the simpler carbohydrales, resolution 
of the cellulose into molecules of similar constitution, no 
doubt, preceding the final resolution, which appears to be an 
eioihermic or explosive reaction. 

C. DESTdUcnyE Resolution bv Ferment Actions.— This 
group of decompositions of celluluse is necessarily a very 
wide one. In the 'natural' world of living organisms, of 
course, no structures are peimanent ; and although cellulose 
distinguishes itself by relative permanence and reaiatance to 
the disintegrating actions of water and oxygen, the differen- 
tiation in this respect is only a question of degree, and all 
cellulosic structures are subject to the law or necessity of 
redistribution. 

The directions of redistribution are chiefly three: viz. (1) 
In the assioiiktlng process of the plant a cellulosic structure 
is broken down, re-absorbed into the supply of plastic nutrient 
material, and re -elaborated. 

(2) Structures whiuh have ceased to pky a part in the 
generdl orgaaisation of the plant are cast off, and then 
exposei! ae ' dead ' matter to the play of the redistributing 
agencies of the natural world. The processes of 'decay' 
take various forms, accoriiing to the conditions to which 
they are exposed. The humus of soils, peat, lignite, and 
all forms of coal present various forms of the residual solid 
products of the decay of cellulosic structures, the remainder 
liaving been dissipated and restored to the general fund of 
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matter in ciiculation, in the gaseous form — viz. as CO, and 

(3) In the processes of animal nutrition plants and yege- 
table substances are, of course, most important factors. In 
the course of animal digestion the vegetable substances are 
attacked by the fluids of the alimentary tract and resolved 
into proximate constituents fulfilling the requiremeuts of the 
organs of assimilation ; and in addition to these decomposi- 
tions, which are largely hydrolytic in character, more funda- 
mental resolutions are observed in which the carbohydrate 
molecules are completely broken down, i.e. with formation 
of gaseous products. 

The Cellulose Group. — Thus far we have been dealing 
mainly with one member of the very numerous class of plant 
constituents comprehended in the term 'cellulose.* While 
the properties and characteristics of cotton cellulose are in 
such wise representative that this substance may be regarded 
as the typical cellulose, the differentiation of this, as of 
every other group of tissue constituents, in conformity with 
functional variation, necessarily covers a wide range of 
divergencies. 

The celluloses of the plant world, so far as they have been 
investigated from the point of view of chemical constitution, 
group themselves as follows : — 

(a) Those of maximum resistance to hydrolytic action, 
and containing no directly active CO groups. 

(6) Those of lesser resistance to hydrolytic action, and 
containing active CO groups. 

(c) Those of low resistance to hydrolysis, i.e. more or less 
soluble in alkaline solutions and easily resolvi d by acids, with 
formation of carbohydrates of low molecular weight. 

Group (a). — In addition to the typical cotton cellulose — 
which, it is to be noted, is a seed- hair — there may be included 
in this group the following fibrous celluloses which constitute 
the bast of exogenous flowering annuals : viz. the celluloses 
of Flax (Linum usit.). Hemp (Cannabis sativa), China Grass 
(Rhea and Boehmeria species), and of tkft \^^^^t V\iKrw\i 
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Maradeuia tenaoiesima, Caloiropis (gtganteu), Svnn 
(Crotalaria junoea). 

As in the case of cotton, the celluloaes of the fibres are 
coneidered in the form of tiie white (or bleached) and purifled 
residues, resulting from the treatment of raw materials by 
pTOoesses of alkaline hydrolysis and o:iidi<.tiou more or less 
severe in cliaraoter. For the purification of the celliiloaeB in 
the laboratory, the methods iisiially practised consiBt in (1) 
alialine ■ hydrolysis, i.e. treatment nith boiling solutions 
of sodium hydrafe, carbonate or sulphite; (2) exposure to 
bromine water or chlorine gas ; or, when oxidation alone is 
sufficient for the removal of the ' impurities,' to solutions of 
the hypochlorites or permanganates (in the latter case fol- 
lowed by a treatment with snlphurous acid to remove the 
MnOj deposited on the fibre -su bstan oe ) ; (3) repetition of (I) 
for the removal of pi oducts rendered soluble by (2). 

The celluloses of this group thus purified may be taken 
as chemically identical with cotton cellulose, investigation 
having so far failed to dificrentiate them. It must be noted, 
however, that the several members of the group present dis- 
tinct morphological characterislics, and differ also in such 
external properliea as lustre and ' feel.' These are correlated 
with the differences in minute structure, but they are no 
doubt in part due to differences of substance. So far, Low- 
ever, we have no knowledge of the proximate oonBtitution of 
these BubatuEcefl, and can therefore say nothing as to the 
canses of difference in this respect. 

On the other hand, the essential identity of these cella- 
losea is established in regard to ultimate composition and in 
reference to the following properties and reactions : — 

(1) Eesistance to hydrolysis and oxidation, and other 
negative characteristics, indicating a low reactivity of the 
CO and OH groups. 

(2) The relationships to the special solvents previously 
described, including the tbiooarbonate reaction. 

[Z~) Foi-malion of esters, nitrattri, acetates, benzoates. 
Of the above, it ia sufficient in general laboratory practice 
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to examine cellalose in regard to ultimate compofiitioo, re* 
Bistanoe to alkaline hydrolysis, behaviour with solyents, and 
reactions with sulphuric acid (solution without blackening) 
and nitrating mixture (H^SO^ and HNO3) 9 ^^® ' nitration ' 
proceeds without oxidation, and gives a higher yield of 
product, 160-180 p.ct,, according to the conditions. 

Gboup (h). — These celluloees are differentiated from the 
former group (1) by ultimate composition, the proportion of 
oxygen being higher; (2) by the presence of active CO 
groups ; (3) in certain cases by the presence of the O'CHj 
group. 

The general characteristics of the gronp are those of the 
oxyeellvJoses. It has recently been shown that these oxidised 
derivatives of the normal celluloses are further characterised 
by yielding furfural as a product of acid (HCl) hydrolysis. 
The yield of this aldehyde is, in certain cases, increased by 
previous treatment of the oxycellulose with a reagent prepared 
by saturating sulphuric acid of 1 * 55 f^p.gr. with HCl gas. In 
this reagent the oxycelluloses dissolve ; and on then diluting 
with BCl of 1*06 sp.gr. and distilling, maximum yields of 
furfural are obtained, the yield being an indirect measure of 
the increased proportion of oxygen beyond that correspond- 
ing with the formula CeHjoOg. 

Celluloses of this class are much more widely distributed 
in the plant world than those of the cotton type ; they appear, 
from recent observations, to constitute the main mass of the 
fundamental tissue of flowering plants, in which they 
usually exist in intimate mixture or combination with other 
groups more or less allied in general characteiistics. It 
appears, from a survey of the contributions of investigators 
to the subject of cellulose, that research has been very much 
confined to the fibrous celluloses, more particularly to such 
as receive extended industrial use. The time has come, how- 
ever, when systematic research is much needed to establish 
at least a preliminary classification of the 'cellular' cellu- 
loses upon the lines of chemical constitution. Constitution, 
taken in relation to physiological function, \& aiL ^Wx^^Mvh^ 
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Buhjeat of research ; and !t is Id the plant cell, where syn- 
thetical operations are predominant, that we have to look for 
the foiin<)ations of a * new chemistry,' which shall definitely 
inveetigate the relation of matter to life. 

It is to be noted thut the differentiation of many of these 
celluloses from the typical cotton i(<, in regard to empirioal 
composition, only slight. There appear, on the other hand, 
to be more important differences of constitution. Thus pine- 
wood celluloBe dissolved in sulphuric acid, the solulion 
diluted and boiled, and further treated for the isolation of 
(ryatalliBable carbohydratea, yields these (i.e. dextroBe) in 
only email proportiona.* 

Investigation has stopped short at this negative result. 
It would be of iuter&st, therefore, to isolate the products 
foiraed in the reaction with the concentrated sulphurio acid, 
BO as to characterise them, at least generajly. Until this is 
done, or some other method of proximate resolution is worked 
out in detail, we can only say that the oonstitution of these 
celluloses is in some importaut feature radically different 
from that of the typical cellulose. 

An account of recent investigations of these ' celluloses ' 
will be found in Berl. Ber. ISUS, and a more special treat- 
ment of the f.ubject, ibid. 1894, and Journ. Chera. Soc. 1894 
(C. Smith). 

Of this group of the natural oxy celluloses, the following 
have been more particularly investigated ; — 

(1) Celluloses from icoofls and Ugnified tistuee generally.— 
Lignified tissues are made up of compound celluloses, to be 
flubsequently described (see ' Iiigno-oelluloses,' p. 53), from 
which the celluloses may be isolated by a number of treat- 
ments, all depending upon the relative reaL-tivity of the so- 
oalled ' nun-oellulose ' conatituunts, which in combitii 
with the celluloses make up the compound cellulose, liguo- 
oellulose or wuod-substance. These non-oellulose constituents 
«re readily attacked and converted into sijluble derivatives ; 
aai there are various industrial processes for preparing 
• LiiiJsfj Bud TolleoB, Lieb. Ann. 267, ajO. 
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odluloses (paper pnlp) from raw materials of this class, 

depending upon the direct conversion of the former into 

SQoh soluble compounds. The isolated celluloses show the 

following general characteristics : * — 

x»7 . ... I C 42 • 8-43 • 8 p.ct. v i^ ^^ 

Elementary composition < tt ^ . 6_ k . q Tteld of fur- 

furalf by solution and hydrolysis (HCl), 2-6 p.ct. Beactions 
with phenylhydrazine salts and magenta-sulphurous acid, 
indicating the presence of active CO groups. These cellu- 
loses are necessarily less resistant to oxidation and hydrolysis, 
but show in all other respects a close general agreement with 
the normal cotton cellulose. 

(2) Celluloses from cereal straws, from esparto, etc, — These 
celluloses are isolated from the matured stem or haulm, by 
digestion with alkaline lye at elevated temperatures. They 
are also of considerable industrial importance, being largely 
used in the manufacture of the cheaper kinds of writing and 
printing papers. 

Secent investigation has shown that these celluloses are 
strongly differentiated from the normal, and are, in fact, pro- 
nounced oxycelluloses. The following are the characteristics 
of difference : — 

Ultimate composition, after treatment with hydrofluoric 
acid, to remove siliceous ash constituents : — 

Oat straw cellulose. Esparto cellulose. 

(1) (2) (1) (2) 

. . . 42-4 42-4 41-78 41-02 

H . . .5-8 5-8 5-42 5-82 

Yield of furfural by solution and hydrolysis (HCl) : 

Oat straw cellulose. Esparto cellulose. 

12-5 12-2 

Beactions. — ^In addition to those with Fehling's solution,, 
phenylhydrazine salts, and magenta sulphurous acid indicat- 
ing the presence of active CO groups, the celluloses give a 
oharacteristic rose-red colouration on boiling with solutions 

» Berl. Ber. 27, 161. 
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of aDiline salts. This reaction serves to identify their 
presence in papers, and from the depth of the colouration 
the percentage may he approximately estimated. 

Investigation has also estahlished the following points 
in T^ard to the oxidation and deoxidation of these oxy- 
oellnloses. 

They are gradually oxidised in dry air at the temperature 
of the water-oven, undergoing discoloration ; the yield of 
furfural by hydrolysis showing a progressive increase. They 
are doi^xidised, on the other hand, by neutral aud alkaline 
reducing agt nts, Thus« after lengthened exposure to solu- 
tions of idnosodium hyposulphite, propared by the action of 
«dno dust upon sodium bisulphite, the yield of furfural — 
which is a measure of the degree of oxidation — was reduced, 
in the case of esparto cellulose, from 12-6 to 8-9 p.ct. 

A still further deoxidation results from solution of these 
oxyei^lluloses hs thi<.>earbonate, and regeneration of the cellu- 
K>se by heating the solution at 80-100®. The regenerated 
cellulose apprv^ximates to the normal, yielding only 2 p.ct. 
furfiu'ul on hvdrolvsis. It is to be noted, however, that 
es)>arto oelluKv$e« in Oi^mmon with all the celluloses of this 
gn>up, is jv^rtly hydrolysed to soluble derivatives by this 
treatment ; the regenerat?<l cellulose amounting to 80 p.ct. 
of the original weight dissolved. The soluble portions yield 
i\irfuml on hydrolysis, amounting (in a typical experiment) 
to 4*0 }un. of the original. 

The ivlluKvses of this group are dissolved. by concentrated 
Hulphurio acid to dark-coloured s^^lutions. On diluting and 
Knling* they are resv^lveil into carlx>hjdrates of low molecular 
weight; de\tn>se ap}H>ars to lx> invariably formed, and in 
many i^w< s also niann^i^^ ; but only very small yields of 
eitiier earWhydiates have been si> far obtained. 

OuoiM* ^^o\— This ineluvles the heterogeneous class of 

uou-t\bn»UH ivUuK>ses which we have defined as of low re- 

siMtaiuv to hydivlvsds. Wing easily resolved by boiling with 

\Hlute acivK and Wing also more or less soluble in dilate 

Hlknlino MWutiiUis. This group has been but little atodied 



. CELLULOSE. 51 

and therefore can only be geoenllj oharaoterised. Physio- 
logical research has shown that there are a large number 
of cellular, as distinguished from fibrous * celluloses/ which 
are readily broken down (hydrolysed) by the action of 
enzymes >vithin the plant itself, whether as a normal or 
abnormal incident of growth. Thus, in the germination of 
starchy seeds, the cell walls (cellulose) of the starch-con- 
taining cells are broken down, as a preliminary to the attack 
upon the starch granules themselves, to form the supply of 
nutrition to the embryo. In an exhaustive investigation of 
the germination of the barley, Brown and Morris have thrown 
a good deal of light upon this particular point, which they 
emphasise in the following words: *that the dissolution of 
the cell wall invariably precedes that of the cell contents 
during the breaking down of the endosperm is a fact of the 
highest physiological importance, and one which for the most 
part has been strangely overlooked.' 

A similar, but abnormal, dissolution of cell walls is that 
which occurs in the attacks of parasitic organisms upon the 
tissues which they invade. 

These processes are well known to physiologists, who, 
however, generally r^ard ' cell wall ' and * cellulose ' as sub- 
stantially identical terms. The chemical differentiation of 
the substances comprising cell walls is, on the other hand, 
an entirely new field of research ; but, although investiga- 
tion has not gone very far, the results are sufficient to show 
that the celluloses of this order are enormously diversified. 
The variations already disclosed are (1) those of the carbo- 
hydrates yielded by ultimate hydrolysis, and (2) those of 
molecular configuration or condensation. We have already 
seen that the celluloses of the cotton group (a) yield dextrose 
as the ultimate product of hydrolysis; those of group (h) 
yield, in addition to dextrose, mannose and probably other 
bodies ; and the group we are at present discussing yield, in 
addition, galactose, and the pentoses xylose and arabinose. 
In illustration we may cite a few examples. Thus Galactose 
has heen obtained as a product of bydro\ys\a oi Wi%^ ^!lS^ 
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walls of the seeds of Lupinns lutens, Soja hUpida, CoSea 
arabioa, Pisiim eatix'um, Cocoa nucifem, Phoenis dactylifera, 
etc, Massose is obtained in relatively large quantity from 
the ' ivory nnt,' and from a veiy Urge number of other seeds ; 
and Pentoses, from the seeds of the cereals and of leguminous 
plants. It appears, theret'ure, generally that a large number 
of plant constituents which have been denominated by the 
physiologists as ' cellulose' have little more title to be con- 
sidered as such than has starch. However, exlernal resem- 
blances count for something, at least in the beginnings of 
classiticatiun, and snbstances of the type we are cousidering 
may bo conveniently grouped with the celluloses; but we 
should propose to apply to them the teim 1'seu do-celluloses, 
or ITemicell[IL03ES— as has been proposed by E. Schuize, Our 
group (c) of paeu do-celluloses may therefore be defined as 
substances closely resembling in appearance the true cellu- 
loses, but easily resolved info simple carbohydrates by the 
hydrolytic action of enzymes, or of the dilute acids and 
alkalis. 

Compound Celluloses. — In dealing with the isolated 
oelluloses, it has been shown that the processes by which. 
they are isolated or purified are based npon the relative 
reactivity of the compounds with which the celluloses are 
combined or mixed, in the raw or natural products of plant 
life. These natural forms of cellulose are, of course, multi- 
tudinous. Remembering the infinite variety of the vegetable 
world, the endloHS difl'erentialion of form and substance of 
the tissues of plants, it might be presumed that the chemical 
classification of these products would present unusual com- 
plications. 

InveBtigation,however, has shown, and continues to show, 
that this great diversity of substance, as revealed by proxi- 
mate analysis, exists upon a relatively simple chemical basis. 
The compounds constituting the fundamental tissue of plants 
may, in fact, be broadly classified in correspondence with 
the three main types of diffeientiation of the cell wall long 
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recognised by the physiologists, viz. lignification^ siiherisation 
and conversion into mucilage. That is to say« in addition to 
the celluloses proper and hemi- or pseudo-celluloses — which 
may be defined as polyanhydrides of the normal carbo- 
hydrates, ketoses and aldoses — there are three main types of 
compound celluloses in which the celluloses as thus defined 
«xist in combination with other groups, as follows : — 

LiGNOCELLULOSES. — The substance of lignified cells and 
fibres, notably the woods— of which the characteristic non^ 
cellulose constituent is a H. hexene derivative. 

Pbctocelluloses and MucocfiLLULOSES. — Comprising a wide 
range of tissue constituents — of which the non-cellulose con- 
stituents are colloidal forms of the carbohydrates, or closely- 
allied derivatives, easily converted by hydrolytic treatments 
into soluble derivatives of lower molecular weight, and 
belonging to the series of ' pectio ' compounds, or hexoses, etc. 

Adipocelluloses and Cutocelluloses. — The substance of 
cuticular and suberised tissues — in which the cellulose is 
associated with fatty and waxy bodies of high molecular 
weight. 

Of the above groups, the first only has any direct interest to 
the paper-maker. The ligno-celluloses as such are in the forms 
of the jute fibre and ^mechanical * pulps, actual components 
of papers of certain classes ; the pectic and cuticular consti- 
tuents of fibrous raw materials are almost entirely eliminated 
by the chemical and mechanical methods of treatment of 
such materials, of separating and preparing the actual paper- 
making fibres. 

LiGNOCELLULOSES. — As the chemical prototype of the sub- 
stance of lignified tissues, we select the jute fibre. This 
fibre is the isolated bast tissue of plants of the species Cor- 
chorus (order TilicLcese) an annual of rapid growth, attaining 
a height of 10-12 feet in the few months required in the 
Indian climate for the maturing of the plant. The textile 
fiibre or bast is obtained in long strands. It is of a brown 
CO silver-grey colour in the finer sorts. 

The jute fibre substance differs strikingly m com^Ci«\\A.wv 
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ftnd rimctioua from the celluloses. lis ultiinate compositic 
is represented Ly the peroetttage mimbers ; — 

Calt, for C|jH,bO(. 

4B-0-iTO 47-0 

H e-l- 5-8 60 

O .... 470-17'2 47'0 

The above nujiibers are calculated to dry ash free sub- 
stance. In the air-dry coudition the fibre ctmtaina on the 
average lO'O p.ct. moisture; the normal ash amounts 
ag^egat« to about 1 ■ p.ct. 

Meactions. — It is differentiated from the celluloses by the" 
following oharactcristic reaotions. With solutions of aniline 
tdllt (and other coal tar bast;s) it gives a deep yellow colour- 
ation. With pMcyi'oglticiitoJ dissolved in hydrochloric acid 
(1'06 sp,gr.) it gives a rose-red colouration; the red solution 
of ferric fcrricyanide is reduced with production of ' pruseian ' 
blue which is deposited iu the fibre-substance; a solution of 
magenta diacolorised by sulphurous aoid dyes the fibre a 
deep magenta colour, a reaction which is characteristic of 
aldehydes and ketones. The jute fibre is also dj'ed directly 
by a large variety of the ' coal tar' dyes. 

But the most cha rooter ietic of its reactions is that of 
direct combination with the halogen elements, and notably 
chlorine. The combination is attended with change of colour 
to bright yellow; the yellcw quinone Qhloride(in/ra}iB dis- 
solved by a solution of sodium sulphite, with development of 
a magenta-rcd colouration. 

While serving thus as a qualitative reaction for the 
identification of the lignocellulose, it is * also one which 
takes place in definite quantitative proportions. Further, 
when so curried out, it alFords a sharp separation of the 
lignocellulose into its constituent groups ; viz. (1) the 
lignone (ketone) which combines with the chlorine and 
may then be dissolved away by sodium sulphite solution, 
leaving (2) the cellulose constituents of the fibre-substance, 
having tbe properties of the celluloses of group (2) of the 
olasaification on p. 49. 
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From its critical importance the process of chlorinatiofi 
of the jute lignocellulose will be described in detail. The 
fibre is prepared by a preliminary treatment with a b nling 
solution of sodium hydrate (1 pet. NaOH). From this it 
is well washed and squeezed to retain not more than its own 
weight of water. In this condition it is exposed for one hour 
to an atmosphere of washed chlorine gas. The fully chlorin- 
ated fibre is washed to remove the hydrochloric acid formed 
in the reaction, and transferred to a solution of the sulphite 
(1-2 p.ct. NagSOg) in which it is boiled. To complete the 
isolation of the cellulose, the solution is made alkaline with 
sodium hydrate (0*2 p.ct. NaOH), after which the boiling is 
continued 2-3 minutes. The fibrous mass is thrown on a 
cloth filter, and thoroughly washed. This residue is the 
almost pure cellulose ; and the .entire elimination of the noU' 
cdiulase components of the original fibre, is shown by failure 
to react with the various reagents previously cited 

The following are important quantitative data. The yellow 
chlorinated derivative has the empirical formula Ci9HigCl409 ; 
to form this derivative the fibre-substance (purified and 
prepared by the boiling with alkali) takes up 8 p.ct. of ita 
weight in combination ; at the same time an equal amount 
goes to form hydrochloric acid. The proportion of cellulose 
yielded is approximately 80 p.ct. This cellulose is a mix- 
ture of two celluloses, a cellulose resembling the normal 
cotton cellulose, and fi cellulose^ a furfural-yielding cellulose, 
and much less resistant to hydrolytic treatments, both acid 
and alkaline. In other processes of attacking the fibre for 
the isolation of cellulose, this latter is hydrolysed and dis- 
solved, and the yield falls to 62-66 p.ct. 

Bromine acts similarly, but its action is relatively slow 
and incomplete. Thus if the fibre prepared by boiling in 
weak alkalis is submerged in saturated bromine water, it 
requires some hours at the ordinary temperature for the 
fibre-substan<5e to combine with the maximum proportion of 
the halogen. The brominated product is similarly attacked 
and dissolved by- alkaline solutions ; but it will be found 
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that the treatnieiit requires to be once or twice repeated 
before the iaolatiim of oellulosB is complefe. In certaia 
oasea, however, the method is useful ae an alternative pro- 
cess of isolating and estimating cellulose, not only in jnte, 
hat iu other fibrous materials. 

Iodine is absorbed by the ligno-celluloses from aqueous 
solutions, and they are coloured a deep brown. The absorption 
is constant, under coustant conditions of treatment, and as a 
result of quantitative investigations, it was eatabliNhed that 
in digesting the fibre- an hstance at 18° C, with twenty times 

its weight of the — iodine solution (in potassium iodidej 

the ahaorptlon is constant at 12'9-13'3 p.ct. 

No definite coiopound is formed, however, and the halogen 
is easily removed by Bolventa, 

These reactions wil'h the halogens, and notably with 
chlorine, ore dealt with thus prominently, as they are speci- 
fically characteristic of the lignone or non-cellulose group, 
the presence of which in combination with the cellulose is 
the distinguishing feature of this clans of compound cellu- 
loses. The lignone group is sharply differentiated fiom the 
carbohydrates by its reactions, which are those of an 
unsaturated compound. Investigation of the chlorinated 
derivative has established it as a quinone chloride and related 
to the trihydrio phenol pyrogallol, yielding as it does tri- 
chloropyrogallol on reduction. Subordinate character ia tics 
of the lignone complex are the presence of methoxyl groups 
(O'CHa), and the absenue of reactive hydroxyl (OH) groups, 
•It must be noted that the union of cellulose aud lignone to 
form the ligno-ceUulose complex is very intimate, and in 
'several character i a tic reactions both of decomposition and 
synthesis, the ligno-ceUulose behaves as a homogenous com- 
pound. Of such we may cite more particularly the actions of 
hydrolytic agents under ordinary conditions on the one hand, 
and reactions of ' nitration ' and ' acetylation ' on the other. 
■The highly reactive nature of the lignone group exposes it, 
-on the other hand, to selective attack not only by the halogen 
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as described, but by dilute nitric acid at temperatures of 60® 
and upwards, and by sulphurous acid and the bisulphites 
at elevated temperatures, all leading consequently to the 
isolation of the more resistant cellulose. 

We must briefly note here the structural relationship of 
the jute-cellulose to the jute-fibre. The cellulose is obtained 
in the form of single, ultimate, bast fibres or cells, of short 
length (2 mm. = -^ inch) ; whereas, the jute-fibre occurs in 
apparently long strands. The latter are, however, in effect 
complex, and a cross-section viewed under the microscope 
reveals a number of the unit cells in close apposition. It 
would appear therefore that these fibre-bundles owe their 
cohesion to the lignone constituent; and hence the term 
* encrusting and intercellular substance' by which it is fre- 
quently designated. This view is at variance with the 
undoubted chemical homogeneity of the fibre-substance ; 
and the student must avoid any so crude a view of a ligno- 
cellulose, as of pure cellulose * overlaid ' or ' encrusted ' with 
its lignone or non-cellulose components. 

The remaining features of the chemistry of the typical 
lignocellulose we note only briefly. 

Action of Cellulose Solvents.- The lignocellulose is 
attacked and dissolved similarly to the celluloses, by zinc 
chloride in concentrated solutiou, whether in water or hydro- 
chloric acid : so also by solutions of cuprammonium. The 
solution is attended by hydrolysis, which is greater or less 
according to the conditions and duration of the action : by 
precipitation of the solutions the recovery of the lignocellu- 
lose is therefore incomplete. The lignone groups are found 
in both soluble and insoluble fractions,. 

Action of Hydrolytic Agents.— (1) Alkaline solutions 
at temperatures of 60-100° attack the lignocellulose as a 
whole, dissolving a proportion of the fibre-substance from 
10-25 p.ct., according to the nature of the alkali, the con- 
centration of the solution and the temperature and duration of 
its action. With caustic soda solution (of 3 p.ct. NagO) at 
elevated temperatures (150-170°), the lignoiie an^ p e,^\\- 
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lose groups are Helectiycly attacked, and a cellulnaeiBisolated ^^| 
approximating in composition to the normal celluloses. ^^M 

Concentrated solntions of caustic soda (12-25 p.ot. NsjO) ^* 
in the cold determine a ' mercerismg ' action, attended hy a 
remarkable change in appearance due to partial resohition 
of the fibre-bundles, and the swelling of the individual fibres. ^^ 
These hydration offtcts aire accompanied by a partial con- ^H 
Tersion into soluble derivatives (10-15 p.ct.) but there is no '^H 
essential change in the composition of the lignocellnlose. ^| 

(2) Aeids. — The dilute 'mineral' acids, e.g. HCl and 
HjSO^ of senii-normal strength rapidly dieintegiate the fibre 
at temperatures exceeding 60". As the action continues the 
fibre takes a mahogany-red colour and falls t« a mass of 
brittle fragments, harsh to the touch. The acid wdution 
acquires a reddish-yellow colour aud smells strongly of acetio 
acid ; this acid is in nffect produced in some quantity. The 
furfural-yielding groups of the lignoceUuloaa yield more 
readily to these actions, and when the lignooelluloae is 
digested with 1 p.ot, sulphuric acid at 3 atm. pressure, they 
are entirely hydrolysed and dissolved. The ineoluhle fibrous • 
residue gives the uharaeteristic reactions of the original fibre, 
i.e. the essential features of its lignone constituent ^ro not 
ohange<l. 

Dilute Nitric Acid at 50-80° has a specific and selective 
action upon the lignone group ; from which soluble yellow 
oolonred nitroso-ketones are formed, the fi cellulose is simul- 
taneously hydrolysed, and finally the a oelluloso is isolated. 
This reaction is characteristic, and has been more closely 
studied with the related group of lignocelluloses, the hard 

Solpho-CEirbonate Reaction. — The joint and simul- 
taneous action of carbon diaulphide, and the alkaline hydrates 
e.g. solutions of 15-20 p.ct. NaOH, produces only a partial 
conver^ion of the constituents of the fibre into snlpho-car- 
bonates, the proportion actually passing into solution on 
subsequent treatment with water varying from 25-50 p.ct. 
• E. 0. 0. Iklj »nd J. C. Ohortaj, Berl. Bar. 195, 92'J. 
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according to the conditions of treatment. The reaction is 
remarkable for the extreme degree of hydration and gelatini- 
sation of the portion which does not actually dissolve: in 
the swollen and gelatinised condition it has been observed 
to occupy 100 times the volume of the original. In this 
reaction it is the group we have designated as fi cellulose 
which yields most readily, and is, in fact, dissolved. The 
undissolved residue reacts with chloiine as does the original 
lignocellulose. 

Compounds with Acid Radicals. Esters, — Of these, 
the nitrates are alone of sufficiently definite composition to 
be considered as derivatives of the entire ligno-cellulose. 

The nitrates are obtained by short exposure to the action 
of the mixed acids (HNO3 + H2SO4) ; with concentrated 
nitric acid alone, rapid and destructive oxidation supervenes. 
The highest yield of nitrate obtainable has been determined 
at 145 p.ct. of the original lignocellulose : this increase of 
weight would correspond with the production of a tri-nitrate 
of the formula CijHigOg . (N03)3. The percentage of nitrogen 
in the products is from 11' 8 to 12 '2, and this indicates the 
production of a tetra-nitrate. This discrepancy is accounted 
for by secondary reactions — ^with production and removal 
of water molecules. The nitrates are of a brilliant yellow 
colour and are homogeneous in composition, fractional solu- 
tion failing to resolve them, as would be the case if they 
were mixtures of cellulose nitrates, with derivatives of the 
lignone group. In explosive properties, and in their be- 
haviour towards solvents, they closely resemble the cellulose 
nitrates. 

Compound with other acid radicals, e.g. acetates and 
benzoates, have been obtained, but they are of an ill-defined 
character. 

Action of Oxidising Agents.— As ' unsaturated ' com- 
pounds, i.e. containing unsaturated groups, the lignocelluloses 
are relatively greedy of oxygen. Also it is evident that the 
lignone groups yield more readily to such actions than the 
cellulose constituents of the fibre. Thus by the action of 
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oliromio aoid in dilute solution and in presence of Bulphurio 
acid the former may be entirely eliminated. The moat 
important oxidations, however, are those of the ' standard ' 
bleaching agenta — the permanganatea and hypoehloritflS. 
By a careful regulation of the conditions, the jute fibre may 
be bleached by these I'eagenta to a very high point, but by 
□o means to the pure white of a ct;lluloae. The Ugnocellalose 
is esBentially a coloured componod, and in attempting to 
exceed the limit which this imposes, wc merely remove the 
Hgnone groups and iipproximate to the condition of cellu- 
lose. This implies loss of weight, and for the reasons given 
above, loss of strength by actual disintegration of the fibre- 
bnndlea. 

As the products of oxidation of the fibre substance are 
acid in character, precautions must be taken in employing 
the hypochlorites, that the bleaching solutions do not become 
acid : in that case hypoehlorous acid is set free and the lig- 
none groups are chloiinaled. The presence of the resulting 
chlorinated derivatives in pajier or textiles is extremely 
prejudicial. 

The lignocelluloses, of which we have briefly described 
the typical jute-flbre, are of course widely distributed in the 
plant world, and are the components of stnicturee of varinus 
function. We may inatanae as ligno-celluloHes of closely 
related composition and constitution, the harder stony con- 
uretiona of the pear : and, again, the moat important oon- 
atituent of the juice of the white currant, a type of soluble 
and hydrated lignocelluloses, of which group it haa all the 
essential characteristics. This latter is a further proof that 
the lignocelluloses, though complex, are homogeneous. But 
the most widely distributed of the ligno-celluloses are the 
woods : in this group a surprising unity of chemical type is 
preserved ; and though a woody stem is made up of oella and 
vessels of various struclure and function, we may regai-d 
them as composed of an identical chemical substance. In 
the woods proper, all those features of the typical ligno- 
oellulose, which it has in contrast to cellulose, are more 
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strongly developed. This is readily seen by a comparison 
of a typical wood, viz. beech-wood, with the jute-fibre in 
regard to the essential chemical constants : — 



Jute . 
Beech 



Elpmentary 
Composition. 



Carbon. 
46-5 
49- 1 



Proximate resolution. 



Cellnlose. 
75 
55 



Non- 
cellulose. 
25 
45 



Quantitative Reactions of 
^on-oellulo&e. 



Methoxyl. 
4-0 
G-2 



Furfural. 
8-2 
12»8 



CI. 
Combinin g. 

8-0 

120 



Remembering that the woods are the substance of pe- 
rennial stems, whereas the lignocelluloses previously dealt 
with occur in or as ' annual ' structures, these numbers 
contain the suggestion that the process of lignification con- 
sists chemically in the production of the unsaturated lignone 
groups at the expense of cellulose. This view is emphasised 
by the progressively * condensed ' character of the union of 
the groups, which shows itself in the relatively strong re- 
sistance of the woods to all processes of simple hydration and 
hydrolysis. This is most clearly seen in relation to the 
solvents of cellulose : for while jute and the * annual ' ligno- 
celluloses are similarly dissolved, the woods yield to no process- 
of solution as a whole. More definitely characteristic is their 
complete resistance to the thiocarbonate reaction; which 
argues the absence of reactive OH groups. This, again, is 
confirmed by the results of conversion into nitrates by the 
action of nitric acid in presence of sulphuric acid, which 
are so imperfect and unsatisfactory that this group of ligno- 
celluloses cannot be said to be ' nitrated ' as such, but yield 
only as the result of partial resolution into constituent 
groups. A little reflection will show that inertness in these 
directions is an important condition of such 'permanent' 
functions as the woods are destined to fulfil. 

But in all other respects there is the closest similarity 
between the two groups of lignocelluloses. The specific 
colour reactions are shown by the woods in greater m\,eT^\\.'^ 
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proportioned to their higher proportion of unaatiirate.l {lig- 

none) grtjups, thus: — 

(a) Golden yellow, with Holntiona of salts of i 
(6) Car mine-red, with Holutioiis of phloroglucimd in HCl 
(1-06), 

(c) Magenta, due to liheration of this colouiing matter 

from its eulutions decolorieed by snlpliurana acid. 

(d) PniSBian blue, ' reduced ' from Bolutiona of ferric ferri- 

cyanide. 

Further, the oharacteristio reactions with chlorine and 
bromine, due to their combination with lignone groups. 

The reaction with Bolutiona of dimethyl-prirapkeni/lene- 
diamine wo may mention moro particularly, as it is the 
boais of a method of estimating the proportion of thesu 
lignoerlMotea iu a paper. The woods are prepared by a 
mechanical process of wet grinding, for working up info 
papers of a (.'ortaiii kind and quality (p. 147), in which there- 
fore they aro present in their ' natural ' or nndecompoBed 
form. With this particular base they give a deep red color- 
ation ; and in unj' mixture with a substance such as cellulnse 
giving no such reaction, the depth of colour ia propurtional 
to the percentage of the lignocell close in the mixture. With 
a series of standard mixtures, i.e. of known composition, a 
oompariaou iaat once inatituted determining the composition 
of a given apeoimen. This teat was devised by 0. Wurster, 
who further simplified it by preparing test papers containing 
the reactive base which are moistened and pressed upon a 
aample to bo teated. The colour developed is compared with 
a scale of chrouio-printed stripes representing the colour pro- 
ilucod with 10, 20 ... . 100 p.ct. of the lignocellulose. 

Wo have sem that the condition of combination of these 
constituent groups prevents the woods reacting as a homo- 
geneous comi>ound. The chemistry of theae subatances, 
therefore, is baaed chiefly on a study of their decompositions, 
<»f which the moat important are those which yield the cel- 
luloao in a pure form. We give, therefore, a brief aurvey of 
theae proocsaes. 
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Laboratory Methods. (1) Action of Halogens.— The 
wood is prepared in fine shavings, boiled out in dilute alkaline 
solutions (1 p.ct. NaOH), washed and exposed to chlorine 
gas or saturated bromine-water in the cold. The resulting 
compound of lignone and halogen is dissolved away by a 
solution of sodium sulphite as described on p. 55. The treat- 
ment is repeated until a pure cellulose is isolated. 

A series of determinations by Hugo Miiller gave the fol- 
lowing percentages of cellulose in representative woods : — 





Birch. 


Beech. 


Ebony. 


Oak. 


Poplar. 








' Fir. 


Pine." 


Cellulose p.ct. 


55-5 


45-5 


30-0 


39-5 


62-8 


63-3 


57 



(2) Joint Action of Halogen and Nitric Acid. Schultze's 
Method. — The wood is digested 10-14 days in the cold, 
with nitric acid of 1*10 sp. gr. to which potassium chlorate 
is added. The lignone is attacked jointly by chlorine and 
nitrogen oxides, and largely converted into derivatives soluble 
in the acid solution, the residues being removed by treatment 
with dilute ammonia. This process is unsatisfactory as a 
quantitative method, but is a useful illustration of the 
characteristics of the unsaturated lignone groups. 

(3) Dilute Nitric Acid at 60-80°. — The wood is digested 
with excess of the acid of (5-7 p.ct. HNO3). As a result 
of complicated reactions comprising hydrolysis, oxidations, 
combination of lignone groups with loVver nitrogen oxides, 
and destruction of these by further action of nitrous acid, 
a pure cellulose is finally obtained. The chemistry of the 
process is fully dealt with in a paper previously cited.* 

Industrial Processes. — The above methods are not em- 
ployed on the industrial scale, chiefly because the reagents 
are too costly. The manufacturers' methods of obtaining a 
cellulose pulp from wood all consist of hydrolytic treatment 
at high temperatures, of which the underlying principles will 
appear from the following considerations. 

♦ Berl. Bar., 1895, 922. 
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(1) Actios of Water amd Dilute ActDS. — The action c 
water at elevated temperatures brings about a purtial hydr 
lyeis, but the conversion into soluble products rapidly n 
a limit determined by the opposing tendency to further con- 
duusatiou of the constituent groups of the lignocellulose. 
This is aided by the strongly acid character of the dissolved 
products. The results are very similar, in fact, to those ob- ■ 
tained with the dilute mineral acids (HCl, HjSO^). Theae I 
actions have renently been exhaustively studied by Simonsen, 1 
■who has revired the idea of employing waste wood (eawdostJ 
eto.) treated in this way as a source of fermentable sugars^l 
By this process, the yield of ' sugar' amounta to 17—24 p.ct>9 
of the wood, of which threo-fourtha j-ields to yeast ferment*^ 
tion. The yield of alcohol is 6-7 litres (absolute) per 1009 
kilos of wood.* ^ 

(2) Actios of Alkalis. — Since the woods tend to break 
down tinder hydrolytio treatment with production of acid 
bodies, it is obvious that in the presence of alkalis, the limit of 
hydrolysis will ha much extended. In fact, by employing 
the alkaline hydrates the decomposition proceeds to a virtual 
isolation of cellulose (in the form of the ultimate wood cells), 
the non-cellulose or lignone being almost entirely converted 
into soluble products. 

The conditions of the ' soda process ' of wood boiling are, 
a digestion of 7-10 hours at 90-110 lbs. steam pressure with 
alyeof 11-15° B. 

The ' Salphale ' Process is only a variation of the above, 
sulphate of soda being used as the chief sonrce of the alkali, 
being reduced to sulphide in the after-process of evaporating 
and ingitiDg with the organic matters, dissulved from the 
wood (in a previous digestion.) 

(3) SoiPHOROOs Acid and Bisulphitks. — Wohave already 
seen that certain acid treatments enable us to entirely de- 
compose the lignooeUulose with iaolation of cellulose — these 
depending upon an entire destrnction of the lignone groups, 



CELLULOSE. 65 

Le. to prodnots of very low moleonlar weights. ' The ketonio 
charaoter of the lignone groups exposes them, on the other 
hand, to a selective attack by sulphurous acid. In the pre- 
Benoe of this acid condensation of hydrolysed ketones is pre- 
yented, and under suitable conditions, which wore deter- 
mined as an industrial process by Eaoul Pictet, this acid 
entirely resolves the Hgnocellulose into insoluble cellulose 
and soluble derivations of the non-celluloses, differing but 
little in chemical condition from that in which they occur 
in the original wood. This decomposition takes place at 
80-110° with solutions of the acid containing 5-7 p.ct. SOj. 

But this process has ceded in industrial importance to 
those in which the bisulphites of the alkaline earth-metals 
are used as the decomposing agent. In these processes the 
wood, after suitable mechanical preparation, is digested for 
many hours at elevated temperatures with solutions of calcium 
or magnesium bisulphite. In such a process it is easy to see 
that the hydrolysis and solution of the lignone constituents 
of the wood is due (1) to the action of the ' free ' sulphurous 
(2) to the tendency of aldehydic and ketonic CO-groups tcv. 
combine with bisulphites, as formulated below : 

K-HCO + MH-SOa = HgO + K-HC(0H)MS03 ; 

and (8) to a development of the latter reaction in casos^ 
where (as in the lignone groups) the carbonyls are combined 
with unsaturated residues. To take as an illustration an 
aromatic aldehyde of known constitution, cinnamic aldehyde, 
CeHj'CH: CH'CHO, which forms with sodium bisulphite, 
first the additive compound CgHgO • NaHSOg, which on 
heating with the bisulphite undergoes a change to the aul- 
phonic add, CeHg • CH, • CH(S03Na) • COH. 

From an exhaustive investigation of the soluble by-pro- 
ducts of the process the follow ing points have been established; 
that the lignone groups are dissolved with very slight con- 
stitutional change ; that in solution they have the characters 
of sulphonated derivatives; that, however separated into 
fractions, these all have an identical composition, viz. that 
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repreeeuted by the formula Ca,H^3tOCH3),0,-S03H, again 
showing that tlie lignone coDistituenta though complex are 
dofinite and homogeneous compounds ; that the sulphonatnd 
derivativeti atill contain CH = CH groups and yield brom- 
inated products of formula C^Jl^./CGB^^Br^SOf. 

(4) Nbutbal SuLPiiiTKS.— It may be mentioned ea of 
theoretical interest that solulions of the normal alkaline 
sulphites ahio determine a complete resolution of the wood 
into oelluloae (insolublu) and lignone (groups) ; but owing 
to the fetblo hydrolyaing action of these aalta, the reactions 
require higher temperatures. They partake of the characters 
of both the acid (bisulphite) and alkali processes, differing 
from the latter by minimising the secondary changes of thft 
dissolved producta. 

In the table on the following page a general view of 
these procBBSos is givou, with names of the inventors and 
dates from which ' piihlic knowledge ' of the proceaaes may 
to considered as beginning. 

Facto- Cellolosea. — This second group of the compound 
««Uulo60s will require very brief treatment — for the reason 
thnt they are notemplovedotsufAas paper-making materials. 

Thepecd'c f/roitp of plant compounds are a gionp of gela- 
tiuisable ' oarbohydrales ' widely distributed in the leas per- 
manent of vegetable structures. The general rclatioushipB 
of the group as determiuod by the earlier observers are these : 
Ptctou, the insoluble mother-aubstance of the gioup, occors 
ill mixture or union with the cellulose of the parenchyma of 
Seshy fruits and roota, e.g. apples, pears, turnips, etc. Thia 
is h}-(trutyaed by boiling-dilute acids or alkalis, or by a ferment 
«uiyme (pettase) secreted in the tissue, to ^lin C^ajH^gOa^ 
t't^my), the solutions of which readily gelatinise. By con- 
tiuuod hydrolysis (loiling water) this is further modified to 
pankpootiu, aud by alkalis to metapecliu and parapectic acid 
«ud pootio acid (Cj.H„0j8. Fremy ; C'uHnO,;. Eegnault ; 
C„H„0„. Mulder ; C,.H„0,„ Chodnew). 

The final product of h^tlrelysis is uietapectic acid. To 
diia Koid Fi^my aasigned the formula C^H^.O,. Later inveBii- 
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gations bavu ostaMinhed its general identify with arabic acid 

a complex acid which is the main constituent of gum-araHc. 

Gum-aralDic yields, on graduated hydrolysis, a complex of 

ucDBes (galactose, arabinose) and a series of arabin 
acids, e.g. CjaH^jOjj, and compoimds differing from this by 
+ C^HiuOs. It appears, therefore, generally, that the pectio 
group are compounds of carbohydrates of varied constitution 
with acid groups of undetermined constitution, asBociatcd to- 
gether to form molecular complexes, more or less homogeneous, 
but entirely resolved by the continued action of simple hydro- 
lytic agenoies ; and the pectucellulmet are BubBtancea of similar 
character in which the caibohydrateB are in part replaced by 
non-hjdrolyiahle celluloget. The general characteristics of the 
pecloeflluloBe» are therefore these : they are resolved by boiling 
with dilute alkaline Bolutiona into cellulose (insoluble) and 
soluble derivatives of the non-celluloae (puctin, pectio acid, 
metapectio acid); they are gelatinised under the alkaline 
treatment ; they are ' saturated compounds,' not reacting with 
the halogens, nor containing any groups immediately allied 
to the aromatic series. 

It should be noted that the later researches of ToUens * 
have thrown doubt on the conclusiouB of Frfimy and the earlier 
observers aa to the acid character of these ' pectic ' substances. 
Careful analysis of a wide range of ' pectinB ' showed that 
the H.J : ratio characteristic of the carbohydrates proper, 
is equally characteristic of many pectins ; whereas the 
presence of acid groups would mean a higher oxygen ratio. 
It may alBO be noted that it is dlfGcult to distinguish the 
pectins proper from the hemi- or pseu do-celluloses (see p. 50). 

Generally, therefore, by a pecto-eellulose we mean a com- 
pound or intimate mixture of a cellulose with colloidal 
oarbohydra'es, or their derivatives readily hydrolysed by 
both acids and alkalis to simpler soluble forms. Compound 
ceUuloses of this kind are enormoiiBly diversified in compOKJ- 
tion, structural character and difitribution, and the group, 
having none of the sharp JineB of differentiation and de- 
• Annaleo, 286, 278. 
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marcation presented by the lignocellnloses, cannot be handled 
at all in the same way. 

We mast confine ourselves, therefore, to the one or two 
more definite types which have been investigated. 

Flax. — Commercial flax is a mixed product. The bast 
fibre proper constitutes from 20-25 p.ct. of the entire stem, 
and is more or less imperfectly separated from the wood on the 
one side, and the cortical tissue-elements on the other, by the 
ordinary processes of retting and scutching. These residues 
are visible with the naked eye, but are brought into clearer 
evidence by means of reagents, followed by microscopic 
examination. Thus the wood is an ordinary lignocellulose, 
and gives the characteristic reactions; the cortical tissue is 
again distinguished from the fibre proper by reacting strongly 
with magenta- sulphurous acid. The presence of the cortical 
tissue is also marked by the large proportion of ' oil and wax ' 
constituents present in the fibre (3-4 p.ct.). Excluding these 
adventitious constituents, the fibre proper is a pecto-cellulose. 
That the non-ceilulose constituents of flax are pectic com- 
pounds was first established by Kolb.* According to his ob- 
servations, the precipitate obtained on acidifying the alkaline 
solutions from the ' boiling ' of flax goods consists of pectic 
acid. 

The proportion of these constituents varies from 14-33 
p.ct. in the dififerent kinds of flax, the variations being in part 
due to the plant, i.e. to physiological habit and conditions of 
growth ; in part to the different methods of retting the plant 
— and extracting the fibre. After well boiling with the dilute 
alkali (1-2 p.ct. NaOH) the fibre substance consists of flax 
cellulose, with residues of the wood (sprit), cuticular tissues, 
and oils and waxes associated with the latter. By exposure 
to chlorine (after well washing and squeezing) the wood is 
attacked in the usual way, and is then easily resolved by 
alkaline treatment. To purify the cellulose it require j to be 
boiled out with alcohol, and finally treated with ether-alcohol 
to remove the oil- wax residues. In this way flax cellulose is 

* Dull. Scic. In<1. Mulhouse, June 1868. 




^ 



PAPEK-MAKING. 

isolated in the laboratory in an approximately pure condition. 
It might appear from the outlines of this laborafojy method 
that the bleaching of flas goods, wLich coneiBtB Bubstantially 
in the isolation of the pure flax cellulose, is a comparatively 
simple process. This is not so, however. The exigencies of 
economical and safe treatment of textile fabrics prescribe 
certain narrow limits of chemical treatment ; and the removal 
of the more resistant wood (lignocellulose) and cuticle 
(cuto-cellulnscs) under these conditions involves a reiterated 
round of treatments consisting i,f — 

Alkftliiie hydralj'Bia . Boiling iu Bolutious of NaOH, Na,CO„ etc. 

Souring . . . Tieutment willi dilute Boids in the colJ. 

It must be remembered, however, that the problem is not 
the removal of the non-celiulose oonstituenta of the fibre 
itself — these disappear almost entirelyin the earliest alkaline 
treatmeniB — but of com poundcellu loses of the other two main 
groups. 

The further investigation of the pectose of flax fibre haa 
not been prosecuted according to the methods of later years. 
Such investigations will, no doubt, be undertaken in duo 

Flax Cellulose has been mentioned incidentally to the 
general treatment of the celluloses. So far no reactionB have 
been brought to light in which it is difierentiated from cotton 
cellulose, with perhapsoneexception, viz. its lesser resistance 
to hydrolysia. Thus H. Miiller mentions • that flax cellulose, 
isoliited by the bromine method, lost, on boiling five times 
with a dilutfl solution of sodium carbonate (1 p.ct. Na.^COj), 
10 p.ot. of its weight. The statementa of R, GodefTroy,! that 
flax cellulose is distingiiiahed from cotton cellulose by its 
reducing action upon silver nitrate in bolting neutral solution, 
are eiToneous, the reaction resulting from residual impurities, 
which, for the reasons given, are extremely difficult to isolate. 
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Flax cellulose may therefore, for the preisent, be regarded as 
chemically indistinguishable from cotton cellnlose. 

The oil and wax constituents of the raw fibre will be 
described under the group of cuUhcellulo9es. 

Other Fecto-celluloses. — As far as investigation has pro- 
ceeded, it appears that pectose, or pectose-like substances, are 
associated with all fibrous tissues of the unlignified order. 
And indeed in the lignocelluloses themselves pectous sub- 
stances make their appearance with increasing age. Thus the 
lower portions of the isolated jute bast — ^jutc cuttings or butts 
— ^when boiled in alkaline solution yield products which caufte 
the solution to gelatinise on cooling ; and the gelatinous pro- 
duct is insoluble in alcohol, distinguitthing it, as pectic acid, 
from the products of hydrolysis of the lignocellulose itself, 
which are dissolved, after precipitation, by alcohoL It must 
be remembered, however, that in the ' jute cuttings ' the ad- 
hesion of the bark and cortical parenchyma to the true bast 
fibre is such that we are dealing with a complex tissue, and 
the source of the pectic acid may be in the parenchyma of the 
tissue and not in the bast fibre. On the other hand, it has 
been shown that in the spontaneous decomposition of jute, 
lying in the damp state, gelatinous acid bodies are formed 
indistinguishable from pectic acid. It would not be difficulty 
therefore, to account fur the pectic constituents of the babt 
tissue towards the root end as products of degradation of the 
lignocellulose itself. 

Beverting, however, to the non-lignified fibres such as 
China grass, or Ramie (Bohmeria species), and the 'nettle 
fibres' generally, hemp, and even raw cotton-^ these all con- 
tain pectic bodies associated with the cellulose, which are 
hydrolysed and dissolved by treatment with boiling alkalis. 
But these pecto-celluloses have not been sufficiently investi- 
gated as compound celluloses to admit of any useful classifi- 
cation on the basis of particular constitutional variations of 
iheir non-cellulose constituents. ^ . 

The mono-cotyledonous fibre-aggregates, whether fibre- 
Tascnlar bundles (Phormiuin, Aloe fibres, Musa, etc.) or entire 



72 I'APEB-HAKINQ. ^^^^^H 

plaatB (Esparto, Bamboo sterna, Sugar Caue), are laigely made ^^M 

up of pecto- celluloses, with a greater oi' leas proportioa of ^H 

lignocellu loses. But the constitution of these iion-ceUulose ^* 
oonetituents is as yet quite uciknown, and we have therefore 
none but the geneiul basis of classification. 

lu the same way also the parenchyiuatoua tissue of fruits, 

fleaby roots, etc. — the typical pecio-cel In loses — must be, for ^^ 

the present, disuiiSBcd with the bare mention. ^M 

The investigation of these sub.-tances belongs rather to the ^M 

province of general oarbobydrate chemistry than to the ^M 

narrower cellulose group ; and the problems involved are in ^| 

many respects rather morphological and pbysiolugical than ^H 

purely chemical. ^H 

These i^ame considerations apply also in great measure to ^H 

the mucilaginous constituents of plant tissues, though certain ^| 

of these have been investigated by modern chemical methods. ^^ 
, The relationship of these substances to cellulose is indicated 
'(") '^y '•^^ histology of the tissues, which shows tbom to be 
associated with the cell teall rather than with the cell contents ; 

(6) by their empirical composition, which is approximately ^M 

I that of cellulose ; (e) by their reactions with iodine, by which ^| 

I they are coloured variously from blue to violet, as are the ^M 

^^1 itydrated modifications of cellulose.* Beyond superficial ob- ^M 

^^1 Eervations of reactions (iodine) and gelalinUation with water, ^M 

^^H these compound celluloses — which may conveniently be termed ^M 

^^H mu co-celluloses — had been but little investigated j until the ^M 

^^H systematic work uf Eirchner and Tollens, and Gans and ^| 

^^^ft Toltens, X upon the mucilages and gums. ^M 

^^" Cnto- celluloses [Adipo-cellulo«es\. — The plant repre- ™ 
' Bonts. in the one view, an aesemblaee of synthetical onera- 
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Bonts, in the one view, an assemblage of synthetical opera 
tions carried on within a space enclosed and prutected from 
the destructive influences of water and unlimiied atmospheric 
oxygen. The protecting external tissues are those which 
we are about to dfscribe as constituting the third important 
group of comjKtuud celluloses. These tissues contain, in 

Eac^hsse, FnrUlonV', etc., p. 161. f F'aeLiue, loc. ait. 

t Annalen, 17a, 205; 249, 24S. 
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admixture with the tissueHSubstance, a variety of oily and 
waxy products (easily removed by mechanical solvents), the 
presence of which adds very considerably to the water- 
resisting property of the tissue. It will be seen as we proceed, 
however, that the tissne-substance, after being entirely freed 
from these adventitious constituents or oily excreta, yields 
a large additional quantity of such products when decom- 
posed by ' artificial ' processes of oxidation and saponification. 
By this and by its empirical composition (in/ra) the tissue- 
substance will be seen to contain * residues ' of high carbon 
percentage and molecular weight, and closely allied in 
chemical structure to the oil and wax compounds found in 
the * free ' state in the tissue as it occurs in the plant. These 
groups are associated in combination in the tissue with cellu- 
lose residues, and hence the description of such complexes as 
adipo-celluloses. 

There are two main types of these compound-celluloses, 
viz. cork and the cuticular tibsues of leaves, stems, etc. 

Cork in its ordinary form is a complex mixture contain- 
ing not only oils and waxes, but tannins, lignocelluloses, 
and nitrogenous residues. The following are the results of 
elementary analysis : (a) of cork purified by exhaustive 
treatment with ether, alcohol and water ; (h) of cork (Quer- 
eus suber) without purification ; (c) of the cork tissue of the 
cuticle of the potato (tuber) purified by exhaustion with 
alcohol : — 

o . . . . 

H • . . . 

O . . . . 

JM . . . . 

The analyses are calculated on the ash-free substance.* 

Those investigators succeeded in isolating cellulose from 

cork, but by complicated and drastic methods of treatment, 

such as woiuld break down the greater proportion of the 

cellulose into soluble derivatives. These treatments were : 

* Dopping, Annalen, 4.5, 286 ; Mitscherlich, Annalen, 75, 305. 
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(1) draetio oxidation with nitrio acid ; (2) alternate treat- 
ments with boiling dilute hydrodhloric acid and 10 p.ot. 
Bolutiou of potasBium hydrate. The proportion thus isolated 
amonnted to 2-3 pxt. on 1 7. 

The authors, on the other hand, have observed that the 
non-cellulose of cork is entirely converted into soluble deri- 
vatives by the prncess of digestion at high temperatures with 
solutions of the alkaline aulphites, as described, p. 66. In 
this way a residue is obtained preserving the form (i.e. 
cellular strncture) of the original oork, and amounting to 
9-12 p.ct. 

The details of a pai ticular experiment were as follows : 
10-995 grois. 001 k, 20 grms. NajSOj.THjO, 2 grms. NajCOj, 
dissolved in 500 c.c. water. Digesled 3 hours at 76 lis., 
and 4 hours at 125 lbs. pressure. Residue bleached with 
Bodium hypochlorite Bulution, Yield of cellulose, 1 '34 grms. j 
12 1 p.ct. 

These relationships have been more definitely made out 
by Fr^my, in his investigations of tbe closely allied com- 
pound wliiuh constitutes the epidermal or outicular tissue of 
the leaves, stems, etc., of Phanerograms. As the character- 
istic constituent of cork is termed suberin, so Fremy terms 
this outicular tissue-subetauce cutin or cutose. To prepare 
this substance, outicular tissue ('peel') of the apple, e.g., 
is treated with boiling dilute acids, followed by digeslion 
with the cuprammonium reagent (p. 9); then again with 
boiling acid and dilute alkali (EOH) ; finally the residue is 
treated with alcohol and ether. Id this way a nitrogen-free 
residue is obtained having the empirical composition: — 



. . . . iiy: „ 

Nut only by these results, but by the study of the proxi- 
mate resolutions of tLis substance, it is shown to have the 
closest relationships to the carbon oompouuds of the ' wax* 
class.* 

• Compt. Beiiil., 18, 667, 



CELLULOSE. 75 

• 

In a later investigation of the products of saponification of 
this substance, Fr6my worked upon a raw material similarly 
prepared, but having the oomposition C 68 * 3, H 8 * 9, 22 * 8. 
This compound is termed eutose^ in substitution for cutin. 
Catose is slowly attacked by boiling alkaline solutions; a 
product is dissolved, of the same empirical compoaitiifn as cutose,* 
but of a fatty nature. It is precipitated on acidifying the 
solution; the precipitate is soluble in ether-alcohol, and 
when isolated is found to melt below 100^ Under more 
drastic treatment with alkaline solutions the dissolved pro- 
ducts are found to be a mixture. Precipitated by acids and 
treated with boiling alcohol, the mixture dissolves ; on cool- 
ing, the solution deposits an acid (m.p. 85°) in jellow- 
coloured flocks, which after fusion form a brownish translucent 
friable mass. This is a compound of aiearocutic acid and oleO' 
cuiic <icid (infra), into which it is resolved by further treat- 
ment with alkali. The alcoholic filtrate from the solid acid 
when evaporated gives a viscous residue, of an acid body, 
oleoeuiie add. 

By the further action of very concentrated potash solution 
in the ^^ellow acid, stearocutic acid is formed. The potash 
salt of this acid is white and translucent, insoluble in water 
and cold alcohol, soluble in boilng alcohol. The free acid 
(m.p. 76°) is also insoluble in cold alcohol, slightly only on 
boiling, but dissolves in benzene and in acetic acid on warm- 
ing. The acid also dissolves freely in alcohol in presence of 
oleocutio acid. A similar result is seen with the potassium 
salt, which, though insoluble in water, dissolves in an aqueous 
solution of potassium oleocutate. 

The composition of these two acids is as under : — 

Stearocutic Acid, 

C 75-00 

H . . . . . 10-71 

O . . .... 14-28 

which is expressed by the formula C2^B,^fi2v This formula 
is confirmed by the analysis of the salts of the acid. 

• Coinp. LigcocelluloiBeB, p. 57. 
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^^f expressed by the formula Cj^H^^O,. 
^^H Culme is regarded by Freniy as a complex of these two 

^^B compounds, ia the proportion of 1 mol. stearocutio acid : 
^PB h mola. olcocutic acid. These acids uDdergo alteration 
^^ on heating at 100° in presence of wat«r, passiog into in- 
soluble modifications of higher melting point. The original 
molecular condition, however, is restored on heating with 
^^_ alkaline solutions. 

^^L Freniy also made obBcrvations upon suberin (or suberose), 

^^H which yielded similiir products of saponificaliou. He there- 
^^r fore concluded that the two products are substantially 
I identical. The products of oxidation by nitric acid are also 

indistinguishable, viz. chiefly suberio and succinic acids. 

These results suggest, from the purely chemical stand- 
point, that the cellulose of tho tissue and the wasy products 
of excretion stand to one another in a genetic relationship, 
I and the cutose or subcroso occupies au intermediate position. 

^^H The question of a direct conversion of cellulose into wax 
^^K taking place iu these cuticular tissues was definitely raised and 
^^H dificUBsed by De Bary in his investigations of this group of 
^^B plant constituents. * It appears from the^e researches that 
wax-alcohols are certainly not contained in the cell-sap or 
protoplasm, and that their origin must be iu the cuticular 
^^^ tissues themaolvea ; but the parent substance may be either 
^^L cellulose, or some compound built up with it in the ordinary 
^^H course of elaboration. This question is left for the present 
^^B undetermined. It should be borne in mind, on the other 
^^H hand, that, we have a great number of direct observations 
^^H upon the physiological equivalence of the eaibohjdratea and 
^^^P the fate, both in the animal and vegetable worlds; and 
^^^ although tlie mechanism of the transformation of the one 

• Hot. Zig. isTl. 
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into the other group of oompouncb remains tinelucidated, it 
IB after all not more di£5oalt to imagine than the condenfta- 
tion to furfural. It is, however, not the purpose of this 
treatise to oarry discussion into purely speculative regions ; 
and it is sufficient to state the conclusion that there is ample 
ground for adopting as a working hypothesis that carbohy- 
drates, or possibly cellulose, are transformed into cutose or 
snberose, and these, again, into free waxy bodies of lower 
molecular weight, the whole process representing the change 
known as cuticularisation or suberisation. 
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^^B the Btructure of t!io fibres to the qualities of the papers which 

^^H they compose. Other equally important practical bearings 

^^H will be Been to attach to tlie microscopic stmly of our fibrous 

^^H raw materials, and to the consiiJeration of this branch of the 

^^H subject we now ask tlie careful attention of the student. 

^^1 Microscopical Examination. — Fnder the head of 

^^H ' Microscopic Eeatures ' we niust include everything which 

^^H has to do with the structure of the vegetable fibres, as well 

^^H as their organisation and distribution in the plant. In 

^^H the analyBia of 'organised' structures we employ the two 

^^H method:* (I) of diaiectioti ; (2) examination bj means of the 

^^^^ microscope; in other words, we firnt isolate the part under 

^^^ investigation by a mechanical process, and then proceed to 

r the optical resolution or analysia of the part. Having by 

analysis acquired a knowledge of the parts, we study their 

mutual relations in the structure they oorapose— we integrate 

our knowledge, so to speak — by means of sections of the 

structure, cut so as to preserve the cohesion of the parts in 

I section, and yet in so fine a film as to apjiear under the 

' microscope to be virtually a plane surface. These points are 

illustrated in the drawings given. 

I It is impossible fjr ue to deal specially with the subject 

of the microscope and its manipulation. The microscope, as 
a revealer of natural wonders, is one thing ; as an instrument 
of scientific discovery, quite another. For the latter, the 
student muet train himself by systematic work, and should 
especially concentrate his attention upon some one branch of 
natural history, however restricted. 
We shall assume, in our treatment of the subject, a know- 
ledge of the microscope as an instrument of research, auch as 
can be easily acquired in a few weeks of work under the 
guidance of a teacher or of one of the excellent manuals 
which now abound. We alao aaflume a certain acquaintance 
with the elements of vegetable physiology, which it will be 
seen is necessary fur a full gi-asp of the subject. Such an 
aoquaintauce, also, may be easily acquired, under direction, 
in a few weeks of work. 
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(We have before alluded to the differenoc presented by 
10- and di-cotyledonous stems in regard to the dietribution 




^^^f their flbroiia conBtituents. In illustration of this, we may 
oita Figs. 2, 3, which represent (2) a section of the aloe, 
(3) a section of the jnte plant. The aTailafalo fibres are in. 
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(2) the fibro-vastnlar handles (/), which are irregularly 
diatriljuted tbrunghont tho main mass of cellular tissue, and 
in (3) the bast fibres (/), which constitute a definitti anil 
separate tissue. We liave Mlrendy alluded to the practical 
consequences of this typical difference of distribution, in 
regard to processes of separating these fibres on ihe large 
scale. 

This process we have explained is necessarily simpler in 
the case of a fibrous iisaue, defioilely localised ; and this may 
be demonstrated fey a superficial examination of a young 
branch of aa exogen. As we know, the bark tissues ai-e 
easily stripped ftom the underlying wood. If now wo 
work up the former in a mortar, with a little water, we soon 
perceive the separation of the compound tissue into cellular 
matter, on the one hand, and^Eires, the latter being more or 
less long and silky, according to the plant from which iso- 
late<l. They vary in length from one millimetre to several 
centimetres, and are aggregated together in the plant in such 
a way as to conatitute bundles, often of very considerable 
length; the general arrangement being comparable with 
that of the lilei< in the roof of a house. It is important tu 
distinguish the fibre-bundles from the elementary or normal 
fibres, and to this end they are designated by ihe term filament. 
Bast fibres are flexible and fusiform, terminating gradually 
in a point at either end, as represented in Fig, 4; bast 
filaments, built np of the-e fibres, containing often as many 
as twelve in tbe bundle, are usually cylindrical, but ex- 
hibit the widest differences in regard to the aggregation 
in degree aa well as number and dimensions of their eon- 
. stituentB. It is obvious that while the sjinner has to do 
with these ^/anienfs, the jjapor-maker works up the nltimate 
fibre constituents or fibreg. It is also an obvious corollary 
from this distinction that a fibrous material which from 
'weakness' is nnavaiiable for textile application, may yet 
be perfectly ' strong ' from the paper-maker's point of view ; 
in other words, the individual fibres may be strong, but have 
little cohesion in the filaments. As we proceed, the student 
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will 8S8 more and more the practical beariogB of this branch 
o£ the atadytk&d will perceive the inferences to be drawn 
ftom the investigatiiXL of minute relationships to manufac- 
toring prooeuee and their prudncta. 

We shall say but little as to the necessary equipment. 
(1} A diaaeoting microscope, for dissecting under a \ene, 
m&guif;ing the object to 40 or 50 diameters. (2) an ordi- 
nary student's microscope, with lenses for magnifying to 100 
and 300 diameters. This is adequate to the work, though, of 
course, it may be an advantage in certain cases to be pro- 
vided with higher powers. (3) A glass elide, carrying^ an 




engraved scale of centimetres and miltimeti'eH for measuring 
the lengths of objects, and a micrometer, divided into ^ mm. 
for measuring diameters. It is also important to be able to 
determine the degree of enlargement under any particular 
combination of lenses, and for this purpose to possess a 
micrometer eye-piece, with a millimetre scale divided info 
hundredths. (4) An effective microtome, and the usual 
mounting accessories. 

A very important feature in the diagnosis of fibres, more 
eepeoially in regard to the composition of the fibre-sub- 
stances, ifi the effect produced by treatment with i 
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reagents. Certain of these reactiona we have already indi- 
cated. We shall now givu the details of composition of the 
sevei-al solutionii which will be required. 

Mounting Solutions. — In preparing objects for obser- 
vation nuder the niicro8coi>e, they may be mounted in water, 
or mixtures of glycerin with water. In examining fibres or 
fibrous structures under chemical treatment, they may be 
mounted in the solutions in which they are undergDing 
treatment. In mounting transparent objecta it is BOnietimes 
required to employ a solution of the tame refractive power 
AS the gul>Btance itself. For this jiuriiose, pure or diluted 
glyceriu or a synipy solution of calcium chloride muy be 
employed ; it is expedient to mii with either reagent a small 
proportion of acetic acid. When the objects a t be t 1 
or otherwise treated while under observation th y m t I 
first mounted in a neutral medium, e.g. w t d lut 

glycerin. The designation ' neutral ' has r f n to th 
fact that these reagents are without aensible t n th 

Iodine Solution.- —We have previonsly de b d th p 
paration of a solution giving ihe chai-actetist blue eu t 
with cellulose directly. It is, however, ofte p f bl t 
bring about this coluration in another way, and the follow- 
ing are the solutions employed; — 1 gramme of potassium 
iodide is dissolved in 100 c.e. water, and the solution is 
saturated with io^Une ; it is preserved in stuppered bottles, 
containing a few fiagraents of the element, so as to keep up 
the saturation of the solution. 

The accessory solution, dilute eulphuric acid, which is 
employed to determine the reaction between the cellulose 
and the iodine, is prepared as follows ; — 2 voluir.es of con- 
centrated glycerine are mixed wiih 1 volume water, and to 
the mixtare an equal volume of oil of vitriol (1-78 ap. grl), 
is slowly added, so as to prevent as far as possible a rise of 
temperature. The effect of the glycerin is very remarkablu 
in preventing the distortion of the objects under the action 
of the acid, which in other respects remains uninfluenced. 
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By way of verification of this iodine test, which is some- 
what capricious, it is advisable to test the reagents with a 
standard substance. The best for the purpose is a linen 
yarn which has been partially bleached. Under the action 
of the reagents the fibres composing this yarn (which musti 
of course, be suitably * teazed out ' for mounting) are coloured 
a light blue, the centre, however, showing a yellow line> 
marking the distribution in the interior canal of a non-cellu- 
lose fibre constituent. Should these efiects not appear, it 
may be concluded that the acid requires to be s'rengthened* 
On the other hand, too great a concentration is equally to 
be avoided ; it is evidenced by causing a distortion of the 
fibre, easily recognised by comparison with the fibre mounted 
in a neutral medium. 

Chlorine Water. — One of the most characteri-tic reactions 
of lignose, or lignified cellulose, is that of combining with 
chlorine. The reaction of the chlorinated derivatives with 
sodium sulphite solution is an important feature in the 
microscopic diagnosis of lignitied fibres and cells. The 
reagent is prepared by dissolving chlorine to saturation in 
water. The sodium sulphite solution is prepared by dis- 
solving the crystallised salt in 20 parts distilled water. 

Aniline Sulphate Solution. — With this reagent lignose 
gives a characteristic deep yellow coloration. A convenient 
strength is a 2 p.ct. solution of the salt. The colour is more 
quickly developed if the reagent is acidified ; a few drops of 
sulphuric acid should therefore be added. 

Phloroglucol Reagent. — The crystalline phenol is dis- 
solved to saturation in the cold in hydrochloric acid of 1 • 06 
sp. gr. Lignified fibres and cells are stained a full magenta 
red by the reagent. 

Dimethyl-Paraphenylene Diamine. —Solutions of this base 
are unstable, but the addition of acetic acid confers a more 
permanent character. The deep red coloration produced 
with the lignocelluloses is useful in micro-chemiGal \\i.- 
vestigations. 
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Soi.nTiONS OF THE AsiLiNE Co;,ouRS, — Soiue of thcBe a 
importance in enabling the microBCOpist to differentiate plant 
tissueB. The 'afliriitieB' of the fibre-substanceB for these 
are very various in kind and inteneity. The plienomena of 
staining cannot be adequately treated in our histological 
scheme, which ie neca^sarily very restricted. We therefore 
merely mention the more important colours which are used 
in staining, viz., mugenta, methylene blue, eosine, dipheny- 
laraine blue. A convenient strength is a solution of 1 in 2000. 
(See also p. 202.) 

The above-mentioned reagents are a Bufficient equipment 
for all ordinary work. Their employment presents no 
difficulties, and therefore no detailed descriptions are 
necoFBarj-. In more advanced investigations, the student 
will make his own selection of special reagents according 
also to the composition of the colouring matter. In following 
up this subject, ho will require to consult worka on vegetable 
histology. 

Preparation of the Objects. — The necessary preliminary 
to the esamination of the fibres themselves is their isolation. 
This is accomplished cither by means of the dissecting 
microscope, or more roughly, according to oiroum stances. 
Having obtained the filaments, they are boiled in a 10 p.ot. 
solution of sodium carbonate, or a 2 p.ct. solution of caustiu 
Boda (NaOH), until sufficiently softened to yield easily to 
the ' teazing ' needles. In certain cases the boiling must be 
supplemented by trituration in a mortar ; this, or some 
similar operation, is especially necessaiy when the fibres are 
embedded in a mass of cellular tissue (parenchyma), e.g. 
in the fibro-vascniar bundles of monocotyledons. 

Sections of tho filaments are prepared by cutting in a 
microtome, the filaments being previously agglutinated into 
a stiGTbundle by means of any of the uaual stiffening solu- 
tions, and, after drying, embedded in wax in the usual way. 
Seolions of frt'sh stems and tissues are cut with a ' section ' 
razor. 

As aa a^glomorating agent, solutions of the oellnloso 
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snlphocarbonate, containiDg 2-3 p.ct. of dissolved cellulose, 
are especially to be recommended. In place of wax. a strong 
alcoholic solution of oidinary yellow soap is used witli ad- 
vantage as a medium for embedding. The specimens are 
introduced into the hot solution, which sets on cooling to a 
firm sectile mass. 

HAving prepared the obJ€»ct&, their examination under 
the microscope necessarily divides itself into (1) the deter- 
mination of external features ; (2) the diagnosis of chemical 
composition. The fibres themselves will be individually 
considered in regard to microscopic features. 

There is one aspect of these, structural features, however, 
•which admits of more general treatment, and in respect of 
which we may anticipate with advantage, viz. the dimensions 
or simple elements of form. The importance of the deter- 
mination of the length and diameter of both filaments and 
fibres will be readily appreciated by an inspection of the 
iollowing table, in which the numbers are given fur several 
of the more important. 

A careful study of this table in relation to the application 
of these several fibres, will show that the correlation of the 
latter with these ultimate dimensions is close and essential. 

These measurements of length and diameter are made in 
various ways. Thus, the object may be made to move across 
the field of vision, the extent of movement being recorded b^' 
means of a vernier attached to the stage itself. Another 
device is that of the micrometer eye-piece, by which a 
graduated scale is brought into the field of vision and is 
brought to bear upon any object, just as an ordinary measuring 
rule or tape. 

A very important point in the diagnosis of a raw material, 
and next in order of treatment, is the degree of purity of the 
substance, in s » far as this is related to struc ure. The fibres 
may be associated with cellular tissue, or with cellular 
debris, if they have undergone the retting process or other 
treatment for separation; <»r with ' encrusting and intercellular 
substances' in various proportions. In Xii^ \«A\«t ^»afc *Osi^ 
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assooiB,tiDn with the fibres is usually much more iotiniatc ; 
they are, in fact, esstiutial constitueats of the fibi-e hindhs 
(lignified bast-fibree, fibro-Tascular bundleB), whereas the 
former we may regard as ' foreign matter.' We may, however, 
difltiiiguiBh betwetn the normal ' incrustation ' of the fibre- 
colls, and Guch an incrustation of the filaments as would be 
described as a loose adhesion of uon-fibrous matter. Tlie 
latter is seen in such tissaes as the bast of the adansonia, and 
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the fibro-vascular bundles of the aloes. These are points 
with which observation alone can familiarise the student ; 
as experience grows he will find it increasingly easy to follow 
general distinctions, and in proportion as he uses his own 
faculties, so he will be able to generalise for himself. He 
will find this equally true of the second section of the micro- 
soopic examination, i.e. the micro-chemical diagnosis of fi^bres. 
Under this head is included the observation of the behaviour 
of fibres towards the various reagents above described. In 
addition to their microsicopical employment, it is useful to 
note their effect on fibres in the gross, both in their natural 
state and after treatment with bleaching agents. 

In applying the iodine reaction, attention must be paid 
to the following details of manipulation. Place the object 
(dry) upon the glass slide, moisten with a few drops of the 
iodine solution, cover with a glass slip, and examine under the 
microscope. Note the effects, which are those of the iodine 
alone. Then remove the iodine solution by means of blot- 
ting paper, and introduce the sulphuric acid by the method 
of 'irrigation,' The coloration of the cellulose (blue- 
violet) is immediate ; it has the effect, moreover, of bringing 
out more clearly a number of the structural details of the 
fibre. 

We have already treated of the resolution of the raw 
fibres into cellulose and non-cellulose constituents by pro- 
cesses which convert the latter into soluble derivatives. 
The student will derive much instruction from following up 
the attendant structural disintegration with the aid of the 
microscope. The chemical dissection of lignified fibres by 
the alternate action of bromine water and alkalis, should be 
studied by mounting specimens of the fibre at all stages and 
carefully noting all the changes which occur. The more 
drastic action of chlorine should also be studied by mounting 
the chlorinated fibre (in water) and then irrigating with the 
alkaline solvent (caustic alkali or sulphite) and noting, the 
stages in the completion of the disintegration. 
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CHAPTEK III. 

HEME rOB THE DIAGNOSIS AND CHEMICAL 
ANALYSIS or PLANT SUBSTANCES. 

It will be convenient at Ibis point to present to the reader a 
ponerftl acheme for the chemical analysiB of fibrous raw 
ni-iterial6. 

We have already described various methods for the deter- 
mination of cellulose in fibrous substances. This ia to the 
piiper-maker the most important coDstituent, and is that 
II [ion which his calculationa of the value of a raw material 
are based. Kot only, however, ia it of the greatest import- 
ance for him to bo able accurately to determine the amount 
of cellulose, but it is necessary to be able to form some idea 
of the nature of the cellulose and also the ease with which" it 
c in be obtaiued from the fibi*. This latter point can only 
be properly established by direct trial of the fibre imder the 
conditions enisling in the factory. A practical ass.iy of a 
raw material for 'paper-making cellulose' is best carried 
out in a model digester capable of treating from 600 to 1000 
grammes of raw material. In such an apparatus a digestion 
with alkaline lye, or with bisulphite liquor can be carried 
out at elevated temperatures exactly &6 on the large scale. 

Where such small digester is not available, the fibrous 
material may be oncloaed in a bag of resistant material, 
sufficiently open to allow for penetration of liquid, and close 
enough to prevent escape of fibre. The bag ia placed in the 
ordinary boilers in the mill, as charged with material for 
' boiling'; at the conclusion of the 'boil' it ia removed to 
the laboratory and worked up by washing, etc., for the com- 
plete isolation of the fibre. 
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To complete the purification of the cellulose, ^ididre Hub 
is necessary, it is bleached with a solution of bleaching 
powder. The experiment is mslde a quantitati ve measure 
of the amount of bleaching chlorine required, by taking a 
measured volume of a solution of known strength, in calcu- 
lated excess, and, when the bleaching of the fibre is completed, 
estimating the ' residual chlorine ' by an observation in a 
known fraction of the liquid with which the bleached pulp 
is in contact. 

In the manipulation of fibrous materials, filters of cotton 
cloth will be found most suitable. The qualities most suit- 
able are the ordinary printers' calico (bleached), nainsook, and 
muslins of varying fineness according to the nature of the ma- 
terial. These filters may be supported in glass funnels, and 
after collecting and washing the fibrous product, the mass may 
be lightly squeezed to retain not more than its own weight of 
water. After squeezing it is easily detached from the cloth. 

By the operations of isolating the cellulose, preceded or 
accompanied by microscopic observations such as we have 
described, a fair general account will have been given of any 
fibrous material. But, to complete the investigation, a scheme 
of determination should be carried out as shown on the next 
page. 

These determinations are the practical application of the 
principles elucidated in Chapter I. It only remains now, 
therefore, to add certain notes of practical points to be 
observed in the experimental study of raw materials. 

1. Moisture. — The mere operation of drying at 100° deter- 
mines niolecular changes in such compounds as the ligno- 
celluloses — changes which affect the subsequent action of 
reagents. It is necessary, therefore, to weigh separate 
portions for the particular experiments in the air-dry con- 
dition, and calculate the dry contents from the data of the 
specimen weighed after drying at 100°. 

Fat, Wax and Kesin.— These constituents are estimated 
as an aggregate extract obtained by boiling out with hydro- 
carbon solvents, or with ether-alcohol. 
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, Ash, — The Bpecimon weighed after drying at 100" 
■may then be burned for the determination of ash. The ash 
in isolated fibres is low, viz. 1-2 p.et. ; in fibre aggregates it 
is often high — thus, in esparto and straw, from 3-C p.ct. — 
and should be taken into account in calculations of yields or 
loss of weight. In such cases, after weighing the product of 
any given j'eactiou the specimen, or a portion of it, should be 
burnt and the ash detennined. The ash-free product is cal- 
culated in terms of the original substance, also taken ash- 
free. 

The ash constituents are (l) those of the normal fibre, 
and (2) in certain cases, adventitious mineral matter. These 
are easily distinguished and separately estimated. 

3, Alkaline Hydrolysis. — This is obviously the first 
stage towards the isolation of cellulose. When the numbers 
obtained for the short period (i) and for the long digestion 
(6) show a marked difi^erence, it is an obvious general indica- 
tion of low paper-making (quality. 

4. Cellulose. — Having isolated a white residue from a 
raw fibrous material, it may be weighed and then further 
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myestigated. An estimation of furfural will establish its 
position in the classification of the celluloses.* For practical 
purposes it is sufficient to establish the degree of resistance 
of the cellulose to further alkaline hydrolysis and to oxida- 
tion by alkaline cupric oxide (Fehling's solution). 

5. Mercerising. — The effect of the action of caustic soda 
as measured by loss of weight, and also changes in appear- 
ance and structure, may be usefully observed on the isolated 
celluloses, and in certain cases upon the raw fibrous materials. 
The pecto-celluloses are considerably gelatinised by the 
treatment, the fibres often undergoing agglomeration, and 
drying to a harsh wiry condition. The lignocelluloses are 
affected in the contrary direction. The cuto-celluloses are 
not all attacked. From all the above treatments the product 
should "be treated with dilute acids by immersion in the cold, 
and copiously washed before drying. The drying is much 
accelerated by treatment with alcohol. 

6. * Nitration,' or conversion into nitric esters, affords 
useful information ; but judgment must be exercised as to 
the applicability of the treatment to the raw material, to 
the partial purified products (alkaline hydrolysis), or to the 
isolated cellulose. It is a general measure of the proportion 
of reactive alcoholic OH groups, and also of resistance to 
oxidation. 

7. Acid Purification removes basic mineral matter, often 
present in some quantity in raw materials of the pecto-cellu- 
loso class. It may sometimes be required to attack and 
remove more resistant mineral constituents such as silica 
and silicates. In this case the material may be digested 
with a mixture of hydrofluoric and hydrochloric acids in 
vessels suitably resistant to the action of these acids. The 
treatment is followed by copious washing. 

8. Carbon Percentage. — This is only necessary in certain 
investigations. The value of the constant will be recognised 
from the fact that it varies considerably for the different 
groups of compound celluloses. The most convenient method 

♦ For which, see ante^ pp. 45-52, 
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is that of combuation with chromio acid after sotation is 
Bulphurio acid.* 

In addition to the above, other determinations may in 1 
certain oases be usefully carried out. Thus an obfiervatiun \ 
of the loss of weight in boiling with dilute acid (1 p.ct. HCl, 
or HjSO^) supplies an approximate measure of the i 
easily hydrolysed carbohydrates, e.g. he mi-celluloses, 
ferric ferricyanide reaction espeoiaily churacteristio of the 1 
lignoteilu loses, may be quantitatively carried out, the fllire I 
being prepared by a weak alkaline treatment, washed and 
placed in a cold solution of the reagent at standard 
strength, prepared by mixing equal volumes of solutions of 
ferric chloride containing 16-2 grms. FeCig per litre, and of 
potassium ferricyanide containing 33 grms. KjFeCy, per litre. 
The gain in weight due to the deposit of the Prussian ] 
blue is a measure of the lignono groups, f 

Investigations of the more extended character will be ] 
found indispensable in the examination of raw materials which I 
are ' new,' or as yet untried as sources of paper-making fibres. ' 
But for what we may call standard materials, it is ohvioua [ 
that the practically important characteristics are thosewhich 
relate to cellulose — quantity and quality — :ind the degree of 
resistance of the cellulose to alkaline hydrolysis and osida- 

* Ttie 'letailu of Itia metliod will be funnel deecTihed In Joura. Chptu. 
. 121; aaiJ U. C. SheimaD, Journ. Amer. Chcm. 
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OffAPTER IV. 

AN ACCOUNT OF THE CHEMICAL AND PHYSICAL 

CHARACTERISTICS OP THE PRINCIPAL RAW 
MATERIALS. 

This chapter contains the results obtained from an- investiga- 
tion of the different plant fibres by the methods indicated in 
the two previous chapters. 

In the following table the fibres are classified according 
to the reactions which they give with iodine solution. 

OiiAsaiFiOATioN OP Plant Fibres according to theib Colour 
Reaotiox with Iodine Solution (Vetillart). 

A. B. c. 

Seed Hairs. Dicotyledonous Mouocotyledonous 

Bast Fibres. Fibres. 

Gottoi]. Linen . Straw. 

Hemp. Esparto. 

Blue reaction -j Giiina grass. Pine apple. 

Paper mulberry. 
Sunn. 

Jute. New Zealand flax. 

Ydlow reaction \ ^.^^^_ Jf^ 



Manilla hemp. 



Class A. 



Cotton. — Genus Gossypium. Order Malvacese, Seed hairs, 
oonsisting of ultimate fibres. Length, 2 • 0-4' cm., diameter, 
0* 012-0 -037 mm. Mean ratio, 1250. Illustrated in Fig. 5 : 
a, sections ; 6, longitudinal views ; c, ends ; mag. 300. 

Microscopic features. Fibre simple, opaque, flattened, 
always more or less twisted upon itself, side wall mem- 
branous, showing striae. 
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Sections : Simple, oval, irregular, central cavity often ^ 
I containing granules. 

Micro-oLeuical reaction : Bine with iodine solutioi 
General chemical characteriBtic : Pure cellulose basis with 
' slight admixture of colouring matters, etc. 



Aqueous extract i 
aubataures) . 
Water 



Cutioulnr Eubalancc (by ditfuteiic«) 










I 
1 



B. Schunck, in his inveetigation of cotton bleaohing,* 
finds that in boiling with sodium carbonate solution the fibre 
loses 5 per cent, in weight. Some portion of the disaulved 
subfitauceH is precipitated on acidifying and is found to con- 
tain a wax, brown resinous and colouring matters, and pectio 
acid. 

• Chtn. Newfl, 17, p. 11. 
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FoTiaa in which employeJ. — Fibrous refuse from the ile- 
ooi-tioatioQ of the seeds ; spinniag waBte, threads, rags, new 
and old. 

Class B. 

Flax. — Genue Linum. Order Linacem. Baet-fibre and 
filaments. I>engthBoffibre8,25-30mni.; diameter, 0' 02 mm., 
ratio, 1200. Dlnstrated in Fig. 6 : a, sections of the fibres, 
isolated and in groups ; 6, the fibres viewed longitudinally, 
one showing the creases prodnced by repeated bending; e, 
ends ; fi, Bections of fibres situated near the butt of the plant ; 
mag. 300. 




Microsoopio feature b.— Fibres transparent, regular, with 
tapered ends, side walls thick, consequently central canal 
small, smooth externally, sometimes slightly striated. Fila- 
ments easily split up into fibres. 

Sections. — Polygonal, regular, angles more or less acute, 
lumen represented by point ; slight indications of concentrio 
arrangement of fibre-substance. 

Micro-chemical reaction. — Blue with iodine solution. 

General chemical characteristic. — Fecto-celluloee with 
residues of wood (ligno-cellnlose) and cnticVa (cnbx^^'oX.^m^. 






iftai^ies :r ^Ki^-^t^ '. 



--•.z i« ^ii-: tia-7«» ; 






li*. -rfsc-a:7»: 



J' - 
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Microscopio features. — Compact bundles. Fibres show 
strisB and fissures, and often fibrill», detached or adherent. 
The central canal almost obliterated ; ends of fibres large and 
flattened. The bundles show fine transverse markings. 

Section. — ^Well marked concentric zones of fibre-substance, 
irregular in outline. 

Micro-chemical reaction. — ^Blue and yellow reaction with 
iodine solution, the joint result showing green coloration. 

General chemical characteristic. — ^Pecto-cellulose. 

Composition of Baw Fibbe (Italian Hemp). 

Mflller. 

Cellulose 77*13 

Fat and wax 0*55 

Aqueous extract 3*45 

Pectous substances 9*25 

Water 8*80 

Ash 0*82 

Forms in which employed. — ^Scutching refuse, spinning 
waste, threads, cuttings and rope ends. 

Sunda or Sunn Hemp. — Genus Grotalaria. Order Papi- 
lionacese. Bast filaments : length, 7-8 mm. ; diameter, * 03 ; , 
ratio, 200 : 1. 

Microscopio features. — Generally similar to those of hemp. 

Micro-chemical reactions. — ^With iodine various, from blue 
to yellow. With aniline sulphate, slight yellow. 

General chemical characteristics. — ^Pecto-cellulose (with 
some lignocellulose. 

The following are the results of analysis of the raw fibre 
(H. MuUer) :— 

Cellulose 80 01 

Fat and wax 0*5& 

Aqueous extract 2*82: 

Peotous substances 6*41 

Water 9 60 

Ash . . 0*61 

This fibre, exported from India and the Sunda Islands, 
h6U9 found employment in Spain and Portugal, but up to the 
present has not been adopted to any extent in other parts of 
Europe. 

255526 




flattened ; central canal well developed, often containing 
granules ; extremities of fibres rounded, spatulatod or lanbe- 
shaped. Sections marked,jby numerona concentric layera, 
often showing radiating_ij trite. 

Micro-chemical reaction. — Blue to violet, with iodine 
aolation. 

General chemical characteristics— Pecto-celluloBe. 

Composition of raw fibre ( H. MuUer) : — 

Culluloaa 75-83 62-50 

Fat and wax 0'20 0'S6 

6-29 9-78 

PectouB Bubetancea 6*07 12-00 

Water 8-71 9-55 

Aah 2-87 fi-63 
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Forms in whicli employed. — Tb.iH material has been the 
subject of BncceBsfiil experiments, wbicb. have resulted in a 
limited use of the fabric for papers of special character i im- 
partB great tensile strength to paper. The portions available 
are as in flax. 

Common Nettle. — Urtica dioica. Order Urtieaeeee. 
Bast filaments: length, 27 mm.; diameter, 0' 05; ratio, 550. 

Microscopic characteriBtics. — Similar to the above. 

The fibres of this plant were, in the olden times, separated 
in the same way as flax, and worked np into cloth. At 




present it has no practical interest to the paper-maker, bnt 
deserves attention at the hand of the student, as the most 
easily accessible for the pnrpose of study. It is, moreover, 
possible that, ander cultivation, it may yet become a source 
of raw material for paper-making. 

Jute. — Corchonu. Order Ttliacem. Bast : length, 2 mm. ; 
diameter, 0-022 ; ratio, 90. Illustrated in Fig. 9 : a, section 
of bundles of fibies ; b, fibres seen longitudinally ; c, ends ; 
SMg. SOO. 

Microscopic featuree. — Compact bundles ; fibres smooth. 

Micro-chemical reactions. — Tellow-brown, ■with. vAv'q*', 
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fellow, with aniline sulphate; bright yellow, with chlorine 
f water ; changed to carmine by treatment with sodinmaulpliite 
Bolutiou. 

General chemical characteristic. — Lignocellulose. The 
ohemistryof juteas the type of lignocellulose has been treated 
on pp. 63-60. 

Oom position o 



V fibre (MiiUer) :- 



I 



Forms in which employed. — Threads, butts, bagging. 
Bast TiBSUeB. — We have alluded, in our opeuing remarks, 
to the broad division of the bast of exogens or dicotyledonous 
plants into coherent and non-coherent tissues. We have now 
oonaidered the more important of the latter, and we find 
that they are obtained from the stems of annuals. We 
find also that while ihey constitute a tissue, in the sense of 
being defiuitely localised, the constituent fibres are disposed 
ID parallel aeries of indopondent bundles or filaments, which 
are isolated by a meohanical operation after the whole stem 
has undergone the preparatory retting process. In exogens 
■of longer and larger growth, the bast, aa might be expected, 
becomes a coherent compound tissue, which is, in many cases, 
easily detached from the underlying wood. We shall mention 
three of these as receiving very important applications ; 
though only one has been applied to any extent by the 
paper-makers of this country. This, which we shall con- 
sider first, is the bast of the Adaneonia digitafa, or baobab, 
tree which flourishes in the tropical regions of the west 
ooast of Africa. It ia exported chiefly from Loanga, in the 
form of fibrous lumps of a brown colour. These are seen 
to be composed of a network of baat bundles, which are 
but slightly coloured, intersected by medullary rays of a 
dark brown colour. The microscopic features of the fibre 
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are those which are generally characteriBtic of the bast of 
exogens ; we do not know that we could cite any whereby it 
could be identified with certainty. 

The fibres give a yellow coloration with aniline sulphate, 
but they contain only a small proportion of lignose. The 
following are the results of analyses of this bast : — 

GeUoIose 49-35 58-82* 

Fat and wax 0*94 0*41 

Aqueous extract 13*57 7*08 

Pectous substances 19*05 15*19 

Water 10*90 13*18 

Ash 6*19 4^72 

Linden Bast (Tilia Euorpsed) is the raw material employed 
in the manufacture in Bussia of the mats so largely used in 
this country for wrapping furniture and heavy goods, and 
also by gardeners for a variety of purposes. One of the 
features of this bast is the strong cohesion of the fibres in 
the bundles or filaments. They are resolved, but with 
difficulty, on long boiling, with a solution of carbonate of 
soda, the soluble products being of a mucilaginous nature. 
This bast has not been applied to any extent by the paper- 
makers of this country. 

Bast of the Paper Mulberry (^Broiisaonetia papyriferd), — 
This product deserves mention, not from its importance to 
the European paper-maker, but because of its application to 
the manufacture of the peculiar papers of the Chinese and 
Japanese. The special features of this, and the other basts 
which are similarly enployed in these countries — Edgworthia 
papyri/era, Broussonetia kaempferia, are (1) the ease with 
which the coherent fibrous tissue is separated from the 
parenchymatous tissue which accompanies it; (2) its com- 
parative freedom from medullary rays ; (3) the great length 
and fineness of the fibres. These properties conduce to its 
ready conversion into a well felted paper, of great tensile 
strength and remarkable softness. 

m lur^A^ «« ^f S 13*75 cellulose from medullary tissue. 
Made up of | ^. .^^ cellulose of fibres. 
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Class C. 

The more important raw materials in this oTasa are whole 
stems of moDOcotylodonous anmials. The isolation of fibres 
for paper-making from these plants depends upon a ohemioal 
process of resolution ; the pnlp obtained is, therefore, t 
plex of the various orders of cell-fibres contained in the 
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t^^r-fS-^ 
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^ plant. While Ihe pnlp consiats for the most part of the 
Teasels of the fibro-vasenlar hundles, it contains in addition 
the serrated cnticular cells which are bo characteristic of 
this gronp. They therefoi-e present a general similarity in 
microscopic features ; there are, however, certain individual 
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obaracteriatics, such as the form and dimenBioiiB of particular 
cells, which serve for the identification of the varioua pulps. 
Where such occur they will be indicated. 

Esparto. — Stipa tenachsima and Lygeum Sparium. 

Order, Qramineee. Bast fibres of fibro-vascular bundles. 
Length, 1-5 mm.; diameter, 0-013 ram.; ratio, 125. Illiia- 
trated in Figs. 10, 11. In Fig. 10, the fibro-vasoular 
bundles / are seen spread throughout the inferior of the leaf, 
but the intervals, instead of being occupied by parenchyma, 
with large cells and thin walls, are filled with a compact 
mass of fine solid fibres/' ; e, external epidermis ; <f, intemfil 




idermiB 
of fibres ; b, fibres 

Microscopic features, 
in diameter, central 



In Fig. 11, a is a section of a group 
longitudinally ; c, ends ; mag. 300. 
Short, smooth, cylindrical, uniform 
ery small, extremities rounded. 



truncated and bifurcated. 

Section. — Minute, generally oval, sometimes polygonal; 
central cavity represented by a point. 

Micro- chemical reaction. — Both blue and yellow ■^'jith 
iodine solution. 

In examining a paper containing esparto under the 
microscope, the pulp will be found to contain, in addition to 
the fibres of the fibro-vascular bundlsB, a cfcTt&m -Kwa&M <]tv 
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th.e outioular cells (see Fig. 12), together with some of the fine 
hairs which are seen in the aection (Fig. 10). These are very 
characteriBtio. 




Fio. 12. 

General chemical oharacteriatics. — Pecto-ceUuloae mixed 
with some ligoocellulose. 

CompoBition (Hugo Muller) ; — 

Spanlflb. AMcan. 

CelluloBe 48-a5 " "" 

Fatoud wuc . , . . 2'Q7 

AqueouB extract . . . lO'lS 

Pt-otflua HubslnDoes, etc . . 2G'39 

Wiitur 9 '38 

Aah 3-72 

Straw. — Order, Oraminem. 

Mioroacopio features. — Generally similar to those of 
esparto. There are, however, differences of shape and di- 
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meuBioiis of the serrated ontionlar cells, whioh differentiate 
the ▼ariona kinds of straw from each other and from eaparto. 
In Fig. 12 are shown these oells, Irom maize-straw 
(a and h), from rye-straw (c), and from esparto (d). The 
fbllowinf; table gives the dimensions of the cells &om 
dilforent kinds of straw : — 





Uogth. 


Brudtb. 


I1«-1.J . 


. 0- 103-0-224 nun. 


0012-0014 1 


&.• : 


. 0'OS6-0-81S „ 


0012-OOia 


. 0-lS2-0'4t9 „ 


0018-0024 


Oats . . 


. 0-18&-0-448 „ 


012-0 017 



Another distinctive feature of straw-fibre is the presenoe 
in it of a number of oval oells, derived from the ' pithy ' matter 




Fro. 13. 

attached to the inside of the stem. These are clearly shown 
at b (yig- 13), which represents the general appearance of 
straw pulp. 

General chemical oharacteriatics. — Both lignocellnloee 
and peoto-cellnlose. 
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1 


folio-wing are the results of analyses 


of straw 


WLdler Wheat. 




Cellulose .... 46'60 


47-69 


Flit and wax. . 1-4Q 


rsa 


Aqueoaa exlract . . 8-07 


0-05 


Non-cellulose or li. niu . . 2849 


26-75 


Water 9-85 




Asb 5-50 


3-20 



I MflUer) 



Bamboo and Sugar Cans.— Order, Qraminex. 

From the close botanical relationship of these products to 

the sterna of the Graminete of our own climate, their micro- 

' BCopic features are, as might be expected, similar to thoso of 

. straw. The similarity is further sho-wn by the chemical 

composition (Hugo Miiller) : — 



Gilluloae 


5013 


FatandwBs 


0-7S 


AqneouB extract .... 


10-56 


Lignin and pwtoaa nubatKucea . 


24 '84 




8-B6 


Aab 


B'lS 


Zealand Fia-x.—Phormiumtenax. 


Order, Lineacete. 



I 



Fibro- vascular buudles of the leaves. 

Microscopio chavactevi sties. — Length of fibres, 9 mm.; dia- 
meter 0-016 mm.; ratio, 560. Pibres are fine, regular and 
smooth ; the waljsare uniform, central canal small, extremities 
vesicular. The fibres have little cohesion in the bundle. 
Sections round or polygonal. 

Micro-chemical reaction. — Yellow, with iodine solution. 
Charaoteristic deep red coloration with concentrated nitric 
acid (Miiller). 

General chemical characteristic. —Li gnocelloloae. It con- 
tains 86 '3 per cent, of cellulose. 

Manila Hemp.— Afusa textilis, AbacS. Order, Musaeeee. 
Fibro-vascular bundles of leaves. 

Microscopic characteristics. — Length of fibres, 6 mi* ; 
diameter, -024 ram.; ratio, 250. Fibres, white, lustrous ; the 
walls are uniform ; central cavity large and very apparent. 
Fibres easily detached. 
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Sections round or polygonal. Illnstrated in Fig, 14: 
<i, section of bundle of fibres; &, fibres seen longitudinally; 
e, ends ; mag. 300. 




Micro-chemioal reaction. — Tello' 
Composition (Hago Mtlller) ; — 



with iodine solution. 



Celluloee 6407 

Fatandwai 0-62 

Aqneous extract 0-96 

Lignin and pectous aabstancfs . . , 21'fl0 

Water 1173 

Ash 102 



tWood. — Nearly, if not the whole of tlie cbemioal wood 
Ip used in this oonntry is obtained from trees belonging 
to the order Coni/erm (Gymnospeimte), more particularly 
from the genera Abies and Pinus. 

In America, however, poplar and other woods are largely 
employed. The cgmleree yield a larger proportion of pulp 
than most other woods, tho individual fibres, moreover, are 
longer, and for these reasons it ia generally preferred. On 
the other hand, however, poplar is more readily acted upon 
by reagents. Fig. 15 gives the microscopic appearance of 
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tlie fibre of tb« eonsfeon wMte fr. It ia diuaclerised hy &o 
pKNoifiB of nnmieiona pitted TCMeU (Fig. 1&«). 

Hoe wood txammts eaantkUj of a oonpoiiDd ceUBlQee^ 
reaembling in iiu]Bt<tf its {Biffpertiestlie jute fibre (flee p. 101). 




With iodine eolation it gives a deep yellow Tcolonr. Tba 1 
chemical compoBition of some of tlie more important woods J 
will be seen from the following analyi^ea (Mijller); — 



I 



- 


Bl^b. 


Beech. Littie. 




99 


PoplAT. 


Oelloloee* .... 


55 52 


45 '47 


53-09 


5fi 


62-77 


Bwm 


1-14 


041 


3-93 


<l 


97 


1-37 


Agxeoiu eztnot . 

mtBr 


2-68 


2-41 


3-56 


1 




2-88 


12-48 


12-57 


10-10 


13 


M7 


12-10 


Lignin 


28-21 


""■" 


29-32 


26-91 


20-88 



The above results are calculated on the aah-free wood. 
The Buh varies from about ■ 3 to ■ 7 p.ot. 

practice sea 



Ill 



CHAPTER V. 

SPECIAL TREATMENT OF VARIOUS FIBRES; 
BOILERS, BOILING PROCESSES, ETC. 

We have already disoussed the principles upon which are 
based the chemical treatments of the various fibres for the 
isolation of cellulose, or of a partially purified fibre suitable 
for paper-making ; of the two groups of processes, alkaline 
and acid, the former largely preponderate, fulfilling as they 
do a much wider range of conditions and attacking all the 
compound celluloses. The acid processes are for practical 
purposes limited at present to the treatment of woods by the 
bisulphites of lime and magnesia. The alkaline processes 
have the considerable economic advantage of allowing, by 
simple means, the recovery of the alkali. The waste liquors 
from the processes, when soda is used, are evaporated to a 
point at which the residual water does not prevent combus- 
tion of the organic matter, the burning off of which takes 
place in furnaces of various construction. The soda is thus 
recovered as carbonate (' recovered ash ') or sulphide, and is 
available for further use. 

The practice of these methods of recovery is obviously 
limited by the degree of dilution of the soda,^ whether in the 
liquors as obtained directly from the boiler, or in the weush 
waters from the ' boiled ' pulp. 

We now proceed to consider each fibre in detail, giving 
at the same time such information as is necessary regarding 
the preliminary treatment of the various fibres, and describ- 
ing the forms of apparatus in which these operations are 
conducted. We shall consider the fibres in the order of their 
simplicity of treatment. ■ 
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kind I 
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Rags (Linen and Cotton). — The treatment neeea-ary fof 
rftgB differs lar^jely with, the quality and, of couree, with the 
iind of paper for which they are iutendeti. These different 
qualities ara known in the trada by tiifferent names and 
marks, such, fur example, as the fulluwing ; — New linen 
pieces, new cotton piecee, supRrfines, daik fines, grey linen, 
sailcloth, eeconds, thirds, etc. 

The two former conaiat of the cuttings produced in the 
manufacture of various garments, etc.; not having been 
worn, they are uaually free from dirt, and are, in faot, if 
bleached, nearly pure cellulose, containing only the starch 
and other sizing material which has bi-en added in the 
process of finishing the goods. They may, of course, contain 
considerable quantities of china clay or other loading material. 
In purchasing rags, therefore, regard should be hud to the 
probable presence of these bodies. Sui.'h rags require only a 
very slight treatment ; in fact, for certain classes of paper 
they might bo used without any preparation. If, as ia some- 
times the case, the rags are unbleached, a rather more severe 
boiling is necessary. 

It may be noted heie that the removal of starch from 
'rags,' i.e. cuttings of unused cloth, whether bleached or un- 
bleached, is by no means easilj- accomplished by the ordinary 
alkali boil. The first eflfect of the treatment being to gela- 

Itinise the starch, which then combines with the alkali, the 
penetration of the rags by the alkaline lye is much impeded. 
The starch is beKt attacked by the specific treatment of malt> 
iog. The rags are boiled with sufficient water to swell the 
starch ; more water is then added to cool the mass to 60° C, 
and an infusion of malt is then added. In 1-2 hours the 
hydrolysis in the starch is so far complete that the ordinary 
boiling may be proceeded with after adding the complement 
of alkaline lye. 
The greater part of the rags used in paper-making, 
however, consist of the residual portions of garments, house- 
hold linen, etc., which vary in quality from clean, almost 
unused portions, to the very foulest sorts; the latter require 
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a very drastic treatment. The first thing to be done with, 
the raga ia to 'sort' aad cut them iato convenient pieces. 
This ie usually done by women, wlio stand at tables furnished 
with broad knives firmly fixed into them, with the backs 
towards the worker, and inclined at a slight angle. Near to 
the women are placed a number of boxes, corresponding with 
the number of qualities of rags, lined at the bottom with 
coarse wire gauze, into which the different sorts are put. The 




distinctions made are more or less arbitrary, but as a general 
rule the rags are sorted with special reference to their colour 
and the material of which they are composed, which in turn 
are essential factors of the degree of chemical treatment re- 
quired. The coloured rags may be allowed to accumulate, 
and then made into a coloured paper. During the process of 
cutting, all hard substances, such as buttonS) pieces of iron, 
etc., are carefully removed. The rags aie cut laXw -^Kecfta li^ 
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fiom two to five inches square. In some mille raachiD 
us&d for cutting. 

Fig. 16 shows the construe t.ion of a machine that may be 
used either for rags or rope. The material is passed into 
the machine along the tahle A, where it passoa between the 
Htiitionary knife C and the knives B, fixed in the revolving 
drum D. The out raga fall into a receptacle placed under- 
Meath tlie drum. 

Notwithstanding the extra expense of cutting hy hand, 
it is nevertheless preferred by many, especially for the finer 
grades of paper. One reason for this is to he found in the 
fact that more perfect sorting and removal of impurities 

■ can he effected. It is moreover said that less waste of fibre 

■ occurs in the subsequent operations. 

The nest process which the rags undergo is that of re- 
moving all loose extraneous matter. This may he done in 
a machine such as is shown in Fig. 17. The rags are fed 
continuously by the endless travelling platform A into the 
■willow. This consists of two wrought-iron drums, B B, fnr- 
nished with wrought-iron teeth C, which, when the drums 
revolve, pass lapidly near to the stationary teeth fixed 
into the cast-iron framework of the willow. The aides are 
.covered in with caat-iron doors, and the top is covered over 
with sheet iron. Underneath the drums is a grating for the 
escape of dust. 

Tbe rags, having been thoroughly beaten by the leeth 
■of the drums, pass into the duster D, consisting of a kind of 
hollow cylinder E, made of strong iron bare securely fastened 
-to the circular ends F, the bars being covered with wire 
cloth or perforated zinc. It is made to revolve almost 
horizontally, a alight dip being given to it in order that the 
rags may be carried forward to the lower end. The bars 
or akeleton of the cylinder ore furnished with a number of 
teeth securely bolted on. The whole is enclosed in a strong 
wooden box in which it revolves, and which serves to collect 
the duBt passing through the wire cloth. The cylinder E is 
driven by the gearing G. This combined willow and duster. 
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may be used for duating and cleaning not only rags, but 
almost any other kind of fibre. The willow and duster 
sometimes form two separate macbines. 

Tbe cleaned and dusted rags are now ready to be boiled, 
allbougb it is the practice in some mills to give them a 
preliminary washing with water. 

The boiling may be conducted either in spherioal or 
cylindrical boilers, or in the ordinary vomiting boilers 
di'scribed under Esparto. (See p. 125.) 

In Fig. IS is shown, part in section and part in elevation, 
a ^herioal rag-boiler, as manufactured by Messrs. G. and W. 
Beitram. This boiler, of from 8 to 9 feet diameter, is sup- 




ported by means of the hollow journals A on the standards B 
and is made to revolve by means of the gearing C. 

Steam enters by the pipe D, which is fitted with a safety- 
valve E, and vacuum valvd F. The ateam on entering the 
boiler is distributed by means of the ' baffle-plate ' (jt. Lye 
enters by the pipe H. The boiler is fitted with two doors I, 
wherewith to fill and empty ; the waste lye is run off by the 
oook J. L is a small blow-through cock. The false bottom 
K prevents the rags 'from choking up the cock, and also 
serves to drain off the waste liquor. 

The alkali employed may be either oaustio lime, caustic 
soda, sodium carbonate, or a mixture of tbe latter and lime, 
which is of course equivalent to using c&\i«>tin w>&».. T^ik. 

\1 
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proportion of alkiili depends upon bo many conBiderations 
that it is quite irapoasible to give exact infurmation on this 
jioint. In the ease of canetio soda, a quantity equal to from 
5-10 p.ct. on the rags may be taien to be a fair average. If 
lime be used it should be slaked with water, made into a 
thin milk, and oarefiiUy filtered through fine wire cloth to 
keep back the particles of Gand, coal, eta., which lime is . 
always liable to contain. From 5-10 p.ct. may be used, ■ The 




Fta. 38. 

amount of lime actually dissolved in tho water is relatively 
small (1*3 grm. per litre); the portion in solution, how- 
ever, rapidly combines witli the grease, dirt and colourinn- 
matter of the rags and forma with them insoluble compounds, 
a fresh portion of lime being at the same time dissolved. 
This formation of insoluble compounds constitutes an im- 
portant objection to the use of lime, as they are liable to 
remain to some extent fixed in the rags and are with great 
difficulty removed by washing. For this reason, thurefore, 
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the more soluble alkali is to be preferred. Moreover, the 
lime sometimes tends to exert a hardening effect upon tlie 
cellulose. Notwithstanding these objections, lime is used by 
some paper-makers in preference to soda. In making choice 
of the chemical for boiling, much depends on the quality of 
the rags and the nature of the paper for which they are 
intended, so that no fixed rules can be given. 

To reduce the treatment of rags to 'first principles, 
the paper-maker requires to inform himself of the chemical 
treatments adopted in the textile industries, whether in 
bleaching the goods or in dyeing and printing them. As 
regards the former, he requires to follow the same line of 
treatment; and in the removal of colour from dyed and 
printed goods, a knowledge of the method by which the 
colour was fixed will enable him the more ecouomically to 
undo that process. 

The time of boiling varies from 2 to 6 hours, according to 
the quality of rags, the chemical employed, and the pressure. 
Tlie use of very high pressures should be avoided as far as 
possible, as there is a danger, owing to the correspondingly 
high temperature, of fixing the dirt and colouring matters 
instead of dissolving them. 

The quantity of water should be kept as low as may be, 
in order to have as strong a solution of alkali as possible ; 
this eflfects a saving both in the time of boiling and in the 
alkali, and this is of great importance where it is necessary to 
evaporate the whole of the waste liquors. It should also be 
remembered that a certain amount of water is always formed 
by condensation in all boilers in which live steam is used. 
On the other hand, if too little water be added, the rags are 
liable to become ' burned ' and the fibre therefore weakened. 
During the operation the boiler should be made to revolve 
slowly, in order to produce thorough circulation of the liquor. 

The boiling being completed, the pressure is allowed to 
fall, either by cooling or by blowing off from a cock usually 
provided for that purpose, and the liquor allowed to collect 
at the bottom of the boiler. It is then run off by tK<5k ^s/c^^V X 
(Fig> 18), and the rags drained as mwc\i «i» ^^^K)^^* ^^X^x 



^^H time 

^^H assist 
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is then run in to give tlie rags a preliminaiy washing. If 
time permits the steam may be turned in and the operation 
assisted. After again draining, the rags are withdrawn 
from the boiler into any suitable receptacle. A convenient 
form is that of a rectangular iron box on wheels, which can 
be readily transferred from one part of the mill to another. 

The next process is that of washing. This is naiially 
performed in a washer or breaker, the constmction of which 
IB shown in Fig. 19. 

It consists essentially of a rectangular vessel with rounded 
ends, in the centre of which, but nut extending the whole 
way, is a partition B, known as the ' mid-feather." The 
roll A, which is furnished with a number of steel knives '"!, 
and driven from the wheel H, revolves in one of the com- 
partments formed by the mid-feather. In this compartment 
the floor is inclined in such a way as to bring the pulp wtll 
under the roll, as shown by the dotted line D. Immediately 
under the roll is what is nailed the ' bed-plate,' the end of 
which is seen at I, extending up to the mid-feather, and 
fitted with knives similar to those in the roll A. The 
arrangement of the knives, both in the bed-plate and the 
roll, is similar to that given in Figs. 33 and 34. The distance 
between the roll and the bed-plate can be varied at will by 
means of the handle E, which is so arranged as to raise both 
ends of the roll simultaneou!4]y. In those breakers of an 
older pattern, one end only of the. roll was raised, and thus 
the knives became worn unequally. 

After passing between the roll and the bed-plate, the pulp 
flows down the ' back-fall' D', and finds its way round to 
the other aide of the mid- feather. On the inclined part of 
the floor, and immediately in front of the bed-plate I, a small 
depression ia miide, covered with an iron grating, for the 
pxirpose of catching buttons, small pieces of stone, and other 
heavy substanc^a that may have found their way into the 
rags. There is generally a himilar grating with rather finer 
openings on the other side of the mid-feather. The engine 
is ooDBtructed of iron, generally made in one casting. 
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The dirty water from the rags ia removed by the ' druii)- 
washei' ' C. It ia divided into compsttmeute by the parti- 




tions ahown by the dotted line e. The centre of the drum is 
formed of a conical tube, the doitow end of which is towards 
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■ the mid' feather. The eocls of the drum are gonoraHy made 

P'oC mahogany, as this ia found to stand the action of alkali 

better than any other wood. The periphery is covered with 

1 copper or braes wiro-oloth, laid on to a backing of a 

much coarser material. Au improved form of backing has 

introduced lately, which is much more durable than 

^ wire. It is fonned of brass out into the form shown in 

I Fig. 20. The drum can be raised or lowered by the small 

; wheel F, and it is driven by a belt on the ahalt that beats 

the roll. 

The wash-water [laseea through the wire cloth into the 





I oompartmenis formed by the jiartitions c, and finding its way 
a to the narrow end of ihe inner conical tube, flows out 
through the side of the drum into a trough which is placed 
across the washer to receive it. Or it may, as shown in the 
drawing, be conducted through the mid-feather itself, which 
a made hollow at this part for the purpose. 

Another form of drum-wusher, called the siphon- waaher, 
is sometimes used. Its construction will be understood by 
reference to Figs. 21 and 22. 

The drum is simply a hollow cylinder of wire clothj the 
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ends of which are formed of wood. Inside the cylinder is 
the siphon tube A, into which the water passing through the 
wire cloth flows. The continuation of the siphon tube B 
(Fig. 22) is made of flexible tubing. The action of the 




Fig. 21. 



siphon is commenced by filling it with water through the 
cock C (Fig. 22). The water then flows in the direction 
indicated by the arrows. The tube A is fixed, and passes 




Fig. 22. 



through a hollow journal fitted on io the end of the drum. 
The other end is connected with the rod E, on which the 
driving pulley D is placed. 
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The water paaaing through the wire cloth on the dmm ^H 
oaiTieswith it a certain amount of fibre which, unleBS Hpeotal ^H 
precautions are taken (see 'Save-all,' p. 221) ia lost. The 
amount ia considerable in the case of weak rags, and care 
shonld therefore be taken that the washing is not prolonged 
more than is consiat^nt with proper cleansing, and that the 
pulp ahould not be too much broken np at this stage. 

The washed and broken pulp goes by the came of ' lialf- 
atuff.' 

The following is the usual plan of treating rags in the 
washer : it is first half filled with water, and the rags from 
the boiler put in gradually until nearly filled. Water ia now 
allowed to flow in at the opposite end to where the drum- 
washer is placed. Thia, by the action of the roll, mixes 
thoroTighly with the jiulp and extracts all the soluble matter. 
and also carries with it fine insoluble impuritiea. 

The action of the knivea in the roll on the rags passing 

between it and the knives in the bed-plute serves to break 

them up and thoroughly disintegrate them. The dirty 

water then jiUBsee away through the drum-washer, the stream 

of pure water being regulated so as to keep the level cun- 

Btant. Thia is continued until only pure water passes away. 

The supply is theii stoppnd, the washer still being kept in 

action. As the level falls the drum is lowered by means of 

the handle F. When 'sufBciontly drained the pulp is dis- 

t 'charged through a valve in the bottom of the engine. It 

I is now ready to be bleached. This may be done in separate 

1 engines called ' potchers,' somewhat resembling the breaker 

or washer already described, or it may be done in the 

breaker itself. The process of bleaching will be described 

in Chapter VII. 

Occasionally the bleaching process is conducted in the 
' beater ' itself, but this is not to be recommended. 

Esparto. — This raw material, on account of its high 
percentage of non-cellulose consiituents. requires a large 
amount of soda to resolve it ; on the other hand, being of 
the nature of a pecto-oelluluse, the process of disintegration 



TREATMENT OP VARIOUS FIBRES. 123 

may be conducted at a low pressure ; in fact, it is the practice 
at some mills to boil in open vessels, in whicli case, however, 
a larger amount of soda is required. As has been already 
stated, it may be taken as a general rule for all fibres, that 
within certain limits the higher the pressure employed the 
less soda is required. The quantity necessary again varies 
with the various qualities of esparto, which depend in the 
first instance upon the country or district of origin of the 
grass. Caustic soda is the chemical invariably employed; 
lime, on account of its forming insoluble compounds with 
the non-cellulose portion of the grass, is inapplicable. Not 
only does the amount of soda depend upon the pressure, but 
it also depends to a considerable extent on the form of boiler 
employed. The use of rotary boilers is objectionable, as the 
esparto tends to collect together into compact masses, which 
are with difficulty penetrated by the liquor. It is therefore 
the almost universal practice to employ stationary boilers, 
in which an automatic circulation of the alkaline lye is 
maintained on what is technically known as the * vomiting ' 
principle. 

The first treatment that the esparto undergoes is that of 
•picking.' Tbe bands of the baits in which esparto is 
packed, generally by hydraulic pressure, are cut, and the 
grass is spread out on tables by women, who carefully remove 
such impurities as weeds, root-ends, etc., which from their 
nature are with great difficulty boiled and bleached, and 
which if not removed would be liable to appear in the 
finished paper as dark-coloured specks, technically known 
as 'sheave.' This treatment is called * dry-picking,' in 
contradistinction to a subsequent process, known as * wet- 
picking.' A portion of the table is covered with coarse wire 
gauze, through which, when the grass is spread over it, loose 
particles of sand, dirt, etc., escape. The cleaning of esparto 
can be much better accomplished by means of machinery. 
Fig. 23 is an elevation of a machine manufactured for the 
purpose by Messrs. Masson, Scott & Bertram. The grass, 
which may be in the form of sheaves, as taken from the bales^ 
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IB pot in by the hopper A. It paeseB thenoe to a conical 
dmm made of steel bars placed veiy close together, driven 
rapidly hy the ahaft B, It is provided with five rows of ■ 
teeth. Fixed to the sides of the willow there is also a : 
of stationary teeth. The grass is thoroiighly broken up ■ 
dusted by the action of the teeth, and ia transferred to the 
wide end of the willow at C, where it is carried forward 
on the travelling tables D. During ils passage along the 
tables it can be examined ancl picked by women standing on 
the platforms E. The duat and dirt passing throagh the 
steal bars of the drum are drown away by a fan through tha 
pipe P. 




Fie. 23. 



This machine is also adapted so aa to carry the cleaned 
grasB to the boiler-house. It is taken forward by means of 
travelling rakes over the tops of a series of boilers, any one 
of which can be furnished by simply opening a door corre- 
sponding in position witJi the lid of the boiler. 

Boiling. — The ordinary form of boiler is shown in Fig. 24. 
It is known as a vomiting boiler. The grass is put in by 
the door E, which is hinged and is counterbalanced by the 
weighta L. It is securely fastened down by the screwa F. 
Steam enters by the inner pipe A, which dips a little below 
the perforated false bottom B. Surrounding the steam-pipe 
is ft wider pipe C, open at the top, which is made slightly 
trumpet-shaped ; also open at the bottom, where it ends ia 
a kind of shoulder, on .which the false bottom rests. The 
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lower part has two or more opeuings G cut away, through 
which the liquid can freely pass. 

In order to get as large a charge into the boiler as pos- 
sible, steam is turned on while furnishing, and a quantity 
of caustic soda lye is also run in, which has the effect of 
softening the grass and making it more compact. This is 
continued until the boiler is well filled. 




c 





Fig. 24. 



The action of the boiler is as follows : — The steam, pass- 
ing through the pipe A, heats the liquor that bas drained 
from the grass through the perforationa m \Xxft i^^\iQ\.\«vsi^ 
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and, fordng it up the wide pipe C, cauBee it to strike against | 
the dome or bonnet D, and diatribnte itself again over the ] 
grass. Tliis conatitutea the ' vomiting ' process of oircnla- 
tion of liquor. 

The boiler is emptied by the door H, and the liqi 
off by the cock I. The boilers are usually supplied with a I 
safety valve E, and also with a pipe for letting off the 
when the boiling is finished. The boiling generally takes 




from 4 to 6 hours. The quantity of soda necessary depends 
upon the nature of the grass, Spanish requiring less than 
African. 

Boutledge, to whom the introduction of esparto as a paper 
making material is due, gives 10 p.ct. as the proper quantity. 

The pressures employed vary from 5 lbs. to 45 lbs. There 
has been a growing tendency of late to employ the higher 
preaauTes, for reasons already stated. 
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Of late years great improvements in the form of the 
boiler have been introduced. Fig. 25 is an illustration of 
Boeckner's Patent Boiler. The vomit pipe is outside the 




Fig. 26. 



boiler. Steam entering by the cock D, forces the liquor up 
the vertical vomit pipe and distributes it over the grass. 
The pipe K is used for heating the liquor at the commence- 
ment of the operation by means of waste steam. F F are 
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gangeB for indicating the height of the liquor, I'he grass 
is put in by the opening G. The pipes A, B and C are for 
the supply of steam, strong lye and water. The hciled grass 
is discharged by the circnlav door E. 

The boiler holds three tons of gi'aes, and the boiling is 
completed in about 2^ hours, the pressure being about 
36—40 lb. per aqu^iio inch. It is claimed that by its use a 
.saving both of time and soda is elfected. 

Sinclair's Patent Boiler is shown in Fig. 2C. The vomit 
pipes, of which there are two, are made of thin steel plates 
riveted to opposite siden of the boiler. The liquor drains 
through the perforated fake bottom, aid is thou forced np 
the vomit pipes above the perforated plates, through which 
it ia distributed over the gi-ass in a number of fine jeta. The 
boiler is charged by the door e and emptied hy j. The small 
cock a is used as a blow-through eock ; the opening 6 is 
used for blowiug-off steam when emptying the boiler ; c for 
letting in caustic soda lye; d for water. Steam enters by 
the small branch of the T pipe at the bottom of the boiler, 
the other, g being used for running off the waste liquor. 
A boiler holds from two to three tons of grass, and a boiling 
is completed in about two hours at a pressure of 40-fiO lb. 
per square inch. Under these cireumstances it is easy io 
conduct four complete operations in one boiler in the twenty- 
four houi-s ; the time required for filling and emptying being 
one hour each. 

The two forms of boiler above described possess the 
obvious advantage of having th« whole or nearly the whole 
of the interior available for holding gr^ss; the boilers can 
therefore be made to hold more, and the boiling is moreover 
much moi-e evenly- accomplished. 

Washing. — The boiling being completed, the steam is 
allowed to escape and the liquor lo collect at the bottom of 
the boiler, where it is run away by the pipes placed at the 
bottom for the purpose. Wattr is then run in and steam 
tamed on for a short time ; this is also i-un off, and the grass 
draineS as completely as poesible. The boiled grass is then 
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emptied into trucks and taken away to the washing engines. 
These resemble those already described under Bags. 

During the process of washing, a certain amount of the 
shorter fibres find their way through the meshes of the wire- 
cloth. In addition to this, a large proportion of the cellular 
tissue surrounding the fibre- vascular bundles (see Fig. 10, 
p. 104) is carried away. If the wash-water be examined 
under the microscope, it will be seen to consist largely of 
this cellular matter. Though this entails a certain loss of 
cellulose, its removal is in other respects advantageous, as 
it is possessed of hardly any * felting ' properties, and it is 
moreover exceedingly difi&cult to bleach. 

The amount of fibre actually obtained in practice is but 
little below that contained in the grass. A certain loss is 
inevitable, but this probably does not exceed 1 or 2 p.ct. 

The percentage of cellulose in esparto is given on p. 106. 
The following numbers obtained by the authors are some- 
what higher. They are calculated on the absolutely dry 
fibre ; those mentioned are on the air-dry sam})los : — 

Cellalose per cent. 

Spanish 58*0 

Tripoli ... ... 46-3 

Arzew .')2'0 

Oran 45*6 

There is no doubt that considerable differences occur 
even between different specimens of the same kind of grass. 

It is the practice in some mills to wash the grass in a 
series of tanks connected together in the same way as the 
lixiviating tanks of an alkali works. They are so arranged 
that pure water flows in at one end, passes through fresh 
lots of grass in succession, and issues at the further end 
highly charged with the soluble products of the grass. By 
such an arrangement the grass can be wa^hed without any 
loss of fibre, and with a minimum quantity of water. This 
latter feature is of great importance in mills where it is 
necessary to evaporate the whole of the waste liquors from 
the esparto, as they are then obtained in a very concentt^t^ 
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form. Even with Bnch an arrangement it i 
give the grass a short final treatment in 
engine. 

The washing having been completed, and the ( 
having been broken up into 'half stuff,' it is now ready t 
be bleached (see Chap. VII.). 

The presse-pSte Bystem, originallj- adopted for the treat- 4 
ment of straw, has of ]at« years been extensively applied | 
to esparto. 

The presae-pate consists of the wet end of a paper ma- 
chine, and is furaished with sand-tablea and etminers. The 
palp is allowed to flow on to the wire cloth, so aa to form 
a thick web of pulp. The bulk of the wat«r passes away 
through the wire cloth ; a further quantity is removed by 
the vacuum-boxes and couch-rolis. The pulp, containing 
from 50 to 60 p.ct. of water, is wound round an iron rod 
until a sufficiently large roll is formed. 

The advantages of the prease-pate system are the possi- 
bility of the removal of dirt and unboiled portions by means 
of the sand-tables and strainers, and the very complete wash- 
ing and removal of the products of the action of bleaching 
powder. 

It also enables manufacturers to dispense with the soma-^i 
what costly methods of dry and wet picking. 

The pi'csse-pate system can also be applied to the 
■bleached pnlp. 

It may be interesting at this point to say something aboat 1 
"the substances which are removed from the esparto by the 
cauafic soda. On referring to p. 106 it will be seen that the 
original grass containsnearly half its weight of non-cellulosa, 
the removal of which has to be effected. Only a small pro- 
portion of this is 'extractive matter' in the ordinary sense of 
the tei-m, i.e. that can ho extracted by the usual solvents j 
the remainder is intimately combined with the cellulose. 
The action of the caustic soda is to resolve these bodies, the 
cellulose remaining behind, and the other oonstituenta being 
dissolved as ' resinous ' bodies by the soda. A certain pro- 



I 



TREATMENT OF VARIOUS FIBRES. 131 

portion of the mineral constituents, notably the silica, dis- 
solves in the lye, the latter forming silicate of soda. 

On neutralising the liquor with an acid, the bulk of the 
dissolved constituents is thrown down as a dark brown 
resinous mass. If this crude product be purified, it is found 
to consist of a definite body having the formula C21H42O2. 
By the action of chlorine on this resin a bright yellow 
chlorine compound is formed, resembling the compound from 
jute described on p. 65. If the resin be treated with con- 
centrated nitric acid, a bright yellow body is formed, which 
forms definite compounds with bases, and which has the 
property of dyeing animal fibres a bright orange colour. In 
addition to this body, a yellowish-white wax can be isolated. 
It sometimes happens that this wax is but imperfectly dis- 
solved in the caustic lye; if the waste liquor be allowed 
to stand, the wax is occasionally found to collect in small 
quantities on the surface. 

Various attempts have been made from time to time 
to remove from the waste liquors the soluble matter derived 
from the esparto by the addition of lime. This throws it 
down, in fact, as a very voluminous precipitate, exceedingly 
difficult of filtration. The filtrate contains only caustic soda. 
The difficulties of removal of the precipitate, however, are 
almost insurmountable. The usual method of disposing of 
the liquor is to evaporate it to dryness and ignite it, as will 
be subsequently described under the head of * Soda Recovery,* 
Chapter XI. 

Another by-product deserving specific mention is acetic 
acid, which is formed to some extent in the boiling process, 
but in much greater proportion in the further evaporation of 
the liquor, and charring the residue. The production of 
acetate is a maximum when the temperature of charring does 
not exceed 360°. The acetic acid is obtained as sodium ace- 
tate on lixiviating the char, the yield of the salt amounting 
to 5-6 p.ct. of the weight of the original esparto. Such a 
process was patented by W. H. Higgin in 1891,* and tha 

♦ English Patent 13,409. 
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above results verified by operations on the large scalo. But 
the process has not been practically adopted.* 

Straw — Straw very closely resembles esparto in its 
chemical constitution ; it is, however, more highly lignified, 
and for this reason (see p. 57) requires a more drastic treat- 
ment for its resolution. It is therefore wsnal to treat straw 
with rather larger quantities of caustic, and generally at high 
pressures. It is possible, however, to resolve it at 5-10 ibs. 
preasui-e, but the resulting pTilp is more difficult to bleach, 
and can only be used for interior kinds of paper. In treating 
straw for use in high-class paper, i.e. for the iyjlation of a 
'pure' straw cellulose, it is necessary to boil under such 
conditions that even the knots, which are much less readiJy 
attacked, shall be so far disintegrated that they may be 
bleached with a moderate qnantity of bleaching powder. 
Such a treatment, on the other hand, involves a diminished 
yield of pulp, and at the same time a somewhat weakened 
fibre. 

The kinds of straw in general use are wheat, oat, rye, and 
barley ; the two first constituting the bulk of the raw 
material, at least in this country. Some idea of the com- 
position of straw may be gathered &om the analysts given 
on p. 108. 

It will be seen that the amount of cellulose is quite as 
high as in esparto, but for the reasons above given and from 
the fact that a large proportion of the cellulose consists of 
cellular tissue (see Figs. 12 and l:i), which is easily attacked 
by soda and readily pasata through tl.o meshes of the drum- 
washers and the wire-cloth of the presse-pate and paper 
machine, the yield obtained in practice falls considerably 
below that from esparto. 

In addition to the numbers already quoted on p. 108, the 
following results of analyses made frum time to time by the 
authors, may be interesting. The percentages are calculated 
on the absolutely dry material. 

I liom tlie Ciirbo- 
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Cellulose pc cent 

Oat straw 520 

53:5 

Wheat straw 

Rye „ (foreign) 

Oat „ 

Wheat 



»> »» 



49-6 
530 
46-5 
50-2 



The yield of pulp is greatly influenced by the conditions 
under which it is obtained ; high pressures and tempera- 
tures exerting considerable influence on the result. This 
is probably the case with straw more than any other fibre, 
on account of the phj-sical and chemical nature of the 
cellulose. It is doubtful whether much more than 35 p.ct. 
is actually obtained in practice. 

Straw is usually boiled in cylindrical rotary boilers. 
Some paper-makers, however, prefer to use one or other of 
the different forms of vomiting boilers already described. 

The use of a rotary boiler is open to certain objections. 
In the first place, it is doubtful if they are as economical 
of soda as the vomiting boilers, especially the more recent^ 
patterns ; and, secondly, the rotation of the boiler so dis- 
integrates the pulp, that a certain proportion of the cellulose, 
especially those fibres which are short, is liable to be lost 
during the subsequent treatment. It seems probable that 
the best results would be obtained if the rotation of the 
boiler were reduced to a minimum, in fact, sufficient only to 
produce thorough circulation of the liquor. 

The proportion of soda necessary to boil straw thoroughly 
is, for reasons already stated, greater than is the case with 
esparto. The amount varies from 10 to 20 p.ct. on the raw 
material. 

The different processes to which straw is subjected vaiy 
greatly. The following may be taken as a general indication 
of the methods employed. The straw is usually cut into 
short pieces of about 1-2 in. in length by means of an 
ordinary chaff-cutter. The cut straw is carried by means of 
a blast of air along a wooden tube or shaft into a chamber, 
the sides of which are made of coarse itoxv ^«Qa.^« ^\>knsw 
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ohamber ie itself eucloeed in anotbei' chamber, in wliicb tlie >' 
dust and dirt accompanying the straw collect. The clean 
straw is then placed in sacks and convej'cd to the boiler- 

ise. 

Owing to the bulky nature of siraw, it is difficult to get 
a large charge into a boiler at one operation ; it is therefoi'e 
usual, after having filled it as complelely as possible, to run 
in a portion of the lye required, and to turn on the steam for 
a few minutes. This has the effect of so far softening the 
straw as to make it lie closely at the bottom of the boiler 
and to allow of a further quantity being put iii. This having 
been accomplished, the remainder of the lye required is run 
in. together wilh the requisite quantity of water, and the 
steam turned on. The pressure may vary from 10 to 50, or 
even 80 lbs. per sq. in., and the time fiom 4-8 hours. 

When the boiler has sufficiently cooled, the charge is run 
aut by a cock in the bottom. Owing to the rotary action 
of the boiler the straw is in the state of fine pulp, having 
been almost completely disintegrated; so fine, in fact, 
that it flows readily through a 3-io. pipe. It is run 
into large tanks with perforated tile bottoms, where the 
excess of liqiior is allowed to drain away and the pulp washed 
by the addition of water. It is then dug out and taken to 
bo bleached. Before this is done, however, it may be neces- 
Bary to give it a further washing. This may be done in the 
potcher itself. Instead of washing the straw in tanks, it 
may be washed in an ordinary washing engine, such as has 
been already desuribed. Owing to the finely divided state 
of the pulp, however, this method, unless the meshes of the 
wire-cloth covering the drum washer are very fine, enlails 
a considerable loss of fibre. It is more suitable in cases in 
which the straw has been boiled in stationary boilers, and 
in which therefore it is less disintegrated. When stationary 
boilers are employed, it is not necessary to cut the straw 
very fine ; in fact, it is sometimes put info the boiler whole. 
The cutting has this advantage, that it loosens the adhering 
dirt. In cases where the action of the soda has not been 
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carried far, or the straw has been put into the boiler whole, 
the pulp will not be disintegrated to the same extent, and 
will not flow through a narrow pipe. It is necessary there- 
fore to discharge the boiler through the doors used for filling. 

A novel form of washer especially adapted for straw, 
whereby the washing is effected with the minimum quantity 
of water, has been used on the Continent to a considerable 
extent, and in some mills in this countiy. The pulp is 
caused to pass along a series of revolving cones covered with 
wire-cloth, through which the liquor escapes. As it reaches 
the end of each cone, the pulp is emptied into a small tank 
containing water from the cones further on in the series. 
It is carried forward by means of hollow bent arms con- 
nected with the inside of the next cone, which then dis- 
charges it at the other end, to be again carried forward. 

As already stated, the presse-pdte system is largely^ 
adopted for straw pulp ; it has been described under Esparto. 
It may sometimes be employed with advantage before^ 
bleaching, though it is generally used after. 

A method of treating straw is sometimes adopted which' 
produces a pulp of higher quality than is obtainable by the- 
ordinary method. The washed pulp is mixed in a chest 
provided with stirrers, with a large quantity of water, and 
is then pumped into another chest placed at a higher level, 
from which it flows between a pair of hard granite mill- 
stones, the surfaces of which are cut into radial grooves. 
The stones are fixed horizontally, and are made to revolve 
at a very rapid rate. During the passage of the pulp through 
the stones, the knots, weeds and other hard portions of the 
straw which may have resisted the action of the alkali are 
reduced to a fine state of division, and are thus more readily 
acted upon in the subsequent operation of bleaching. The 
degree of fineness to which the pulp is reduced can be deter- 
mined by regulating its flow and. the distance between the 
stones. Pulp produced in this way is of a very even char- 
acter, and is comparatively free from unbleached particles. 

Within recent times a process oi iT^^iXm^ ^Vt%w \iaa» 
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been introduced which, on account of the high quftlitj of 
the pulp produced, has attracted considerable attention from 
paper-makere. It consiatB in exposing pulp obtained in the 
usnal way by the action b{ caustic soda to the action of 
chlorine gas." The amount of soda in the prel" 
boiling is reduced luueh below that necessary for perfect 
pulping, the result being that the celluloae is much less 
liable to be dcBtroyed, and thus a greater yield is obtained. 
The pnlp is thoroughly washed and partially freed from 
moiatura in a centrifugal machine until only about 70 p.ct. 
remains. The partially dried pulp is then exposed in leaden 
or atone chambers for some hours to an atmosphere of 
chlorine, produced by the action of hydrochloric acid upon 
manganese dioxide. By the acliun of the chlorine, tho-e 
portions of the alraw which have been hut imperfectly 
acted upon by tue caustic soda in the boiling process are 
■completely diaintograted, or, rather, are rendered more sus- 
ceptible to the action of the bleaching liquor employed sub- 
sequently. The consequence is that when bleaching liquor 
is added, the whole of the straw ia lapidly reduced to the 
state of pure cellulose, and tlie finished proiluct is remark- 
ably free from auything like nnbleaohed portions. Owing 
to the fact that the action ol' the caustic ia minimised, a 
considerable portion iif the more easily degraded cellulose 
Burvivea, and the yield of the pulp is thereby increaaed. 
The process ia, however, necessarily expensive. The action 
of the chlorine will be readily understood by a reference to 
p. 55. 

Owing to the fact that a considerable pruportion of the 
fiulp obtained from straw consists of cellular tissue (see 
rig. 13, p. 107), which, although cellulose, ia devoid of 
fibrous structure, paper made from straw only ia found to 
ho much weaker than that made from fibres such as eaparlo. 
On the other hand, being a cheap material, and one capable 
of yielding a very white pulp with a moderate quantity of 
bleach, it is held in considerable repute by many paper- 
. • Eiigliali patenl, 033, 1380. 
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makers, especially as a material for ""mixing with esparto. 
It is sometimes mixed with cotton and linen rags, even in 
the finest qualities of paper. 

Straw cellulose is distinguished hy its capacity for hydra- 
tion and partial gelatinisation under the action of ' beating/ 
As a consequence, it adds the quality of * wetness' to the 
pulp, which again confers the quality of hardness and 
' rattle ' upon the finished paper. 

Wood [Wood cellulose, or 'chemical wood pulp*J. — 
The treatments of the wood by the alkaline processes are 
comparatively simple operations. Owing to the powerful 
and general action of caustic soda the hard material requires 
no special treatment for removing such more resistant struc- 
tures as knots, or again, rotten wood, both of which survive 
the bisulphite processes more or less unattacked. The 
bark is stripped and the wood chipped and passed through 
a mechanical * duster' to the boiler or digester. These are 
of the ordinary types ; the horizontal cylindrical, or the 
spherical rotary ; or the upright digester. The lye used, in 
the case of caustic soda, contains 6-8 p.ct. NaOH. After 
introducing the lye and closing the boiler, the heating is 
rapidly taken to the maximum steam pressure (90-110 lb.), 
at which it is maintained for 8-10 hours. The resulting 
pulp is washed by the process of economic lixiviation in 
successive tanks, and is obtained of a brownish-grey colour. 
The dark brown lye is treated for the recovery of the soda 
by the process of evaporating and calcining. 

Sulphate or Sulphide Process. — In this variation of the 
soda process advantage is taken of the fact that sulphate of 
soda is reduced to sulphide in the process of evaporating 
and igniting with the organic matter dissolved from the 
lignocelluloiie. In the first instance caustic soda must be 
added with the sulphate. After boiling with a lye con- 
taining 3 parts of the latter to 1 part caustic, evaporating 
and igniting, an ash is obtained with about 80 p.ct. NaaO in 
the form of carbonate, hj'drate and sulphide. For a sub- 
sequent operation sulphate is added to tKe \i.Tc^a\SL\i\. q?1 vjJws>^ 
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one-third of the total soda oompoimdB, and in a Bucceesion 

of operations the soda lost is made np hy additions of 
sulphate. 

The main ohjection to this process (which is not prac- 
tised in England) is the formation of organic sulphur cum- 
pounds of penetrating and objectionable smell. It yields a 
pulp of excellent quality, fur which the coniferous woods are 
esclusively used as raw materials. 

The Sttlphife Proceta. — The introduction and development 
of this process to its present position of first-rate importance 
marks an epoch in paper-making. As the alkali processes 
of treating esparto, etc., mark the period 1860-75, the 
'bisulphite wood' industry is a main feature of the period 
1875-1900 : both adding to the paper-maker's supplies, 
celluloses of different characteristics from the 'rag' oellu- 
loses, chemically inferior, but structurally offering certain 
advantages in regard to the produotii^n of cheap papers. 

As already explained, thc-se processes rest primarily on > 
the action of sul|)hurous acid, which fact was ceiiainly recog- 
nised by B. C. Tilghmann, the original inventor of these pro- 
cesses.* At that period, howevi^r, the practical munipulalion 
of sulphurous acid of the requisite concentration in aqueous 
solution (8-12 p,c, SO^) was a problem yet to be solved. 
Hence it was that the alternative of the bisulphites was 
fixed upon by the pioneer inventors named in the historicul 
summary of p. G7 ; and these processi s have, in fact, been 
developed, to the futire e\clusion of the chemically simpler 
process in which the pure acid is used. This latter process, 
though practically demon strnted iiy Prof. Pictet in 1883-86 as 
having some important advantages, has not been industiially 
developed, t 

In the development of the bjaulphite aystemj the work 

• TJ.S. FatentB 70,4S5 1867, and 32,229 1869. 

t For further inrnrmiition we mny refer tlie render to a btocliure hj 
the aatlinra: 'ThB Pirlel-Brelaz Sj'Hlam of ProjisnDjf Wood CelluloBu.' 
Londi>n, 1887. E, & F. N. St*].. 
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of Ekman and his associates in the period 1870-80 certainly 
takes first rank. The later work of Mitscherlich in Germany 
and Partington in this country contributed largely to the 
establishment of the industry upon its present colossal scale. 
It is not, however, within the scope of this work to follow 
the history of this process in detail. The achievements of 
successive inventors have been in the perfection of the che- 
mical engineering of the process; whereas its essential 
features and the character of the pulp have remained very 
much as they were established twenty years ago. 

We may briefly notice some of the more important tech- 
nical difficulties, the overcoming of which, with the various 
ways of doing so, really constitutes the history of the de- 
velopment of the manufacture. 

Preparation of Bisulphite Liquor. — In practice the bisul- 
phites of lime and magnesia are exclusively used. The 
source of the sulphur dioxide is sulphur or pyrites. Sulphur 
* burning ' — the union of sulphur with atmospheric oxygen, 
according to the simple equation S + O2 = SOg — is a reaction 
requiring careful regulation. To supply 1 lb. of oxygen for 
the combustion of 1 lb. of sulphur, the quantity of air re- 
quired is 54 cubic feet. Excess of oxygen leads to waste 
in two directions : the suphurous acid is further oxidised 
to SO3, and the temperature of combustion is increased to the 
point of volatilisation of sulphur. 

In absorbing the gas two methods are employed: (a) the 
basic substance in the form of oxide is prepared in a state 
of fine division and suspension in water, and the sulphur 
dioxide (diluted with nitrogen) is caused to pass through 
the liquid mixture ; (b) the basic substance in the form of 
carbonate is presented in lai'ge masses to the action of the 
gas, with a regulated stream of water flowing in the opposite 
direction. 

For each of these typical methods a large number of dif- 
ferent forms of apparatus have been devised, the common aim 
being the continuous and automatic production of a liquor 
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■of the requisite conoentratioo (total SOj p.ct), and compo- 
sition (ratio of free 8O3 to SO,^ combined -with OaO and MgO) 
■with the minimum waate of SC. escaping unabsorbed, and 
the minimum incidental oxidation to sulphuric acid. 

The following is given by Griffin aud Little f as the 
oomposition of a etandu,i d bisulphite liquor prepared from 
dolomite : — 

Specifio Gbavity at 15°, I-0SS2. 



eO, Sulphuroufl iKli 
SOa Sulpliurio ncU 
CaO Lime . 

BiO, Silica . 



0-72 



O'UZ 



I „l jSulpiiate oriimu . 

,^[ oambina 1 Bii^ulpbite uflime. 

j BiBnlpliite of mttgnasia 



I 
I 



Preparalion 0/ the Wood, — Unlike the alkali process, wbich 
resolvos all the compound celluloses, the bisulphite treatment 
is a specific resolution of the ligno-celln loses ; and to attack 
these uniformly and normally the wood must be freely and 
rapidly penetrated by the solution. Hence, fiist, the bark 
must be completely removed, and the knots of the wood must 
be dealt with, either by boring out previously to the diges- 
tion, or by removal after the boiling. 

In addition therefore to breaking up the bark of the 
wood mechanically (I) by chipping, and (2) by further dis- 
integrating the chips by means of ciushing rolls, a careful 
aorting out of rotten knots and uusouud portions pveeedes 
the transference to the digestors. 

The Digestors. — Apart from variations in form as between 
cylindrical and spherical rotary boilers, and the stationary 
upright digestor, the problem of a satisfactory acid-rt sis ting 
material or lining fur the interior of the builertt has been 
more or less peifectly solved by a large number of in- 
ventors. At the outset, lead linings were exclusively used. 
This metal, in union with an iron shell, involves the effects 
of the unequal expansion of the two metals under boat, with, 
the result of a ' creeping ' of the lining. To minimise this 
* 'Cliiiuistrjof Pjper Mukiiig." 
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defect, and at the same time to provide adequate support 
for the * soft ' and heavy metal, many types of construction 
have been devised. While, however, in the process of evo- 
lution a very satisfactory control of these numerous diffi- 
culties was arrived at, the lead liniugs have at this date 
given way to non-metallic protective coatings, composed of 
* cements ' of varying composition, and variously applied. The 
introduction of these linings appeal's to date from the obser- 
vations of Brungger in 1883, that an iron pipe temporarily 
used for the steam supply to a digester was rapidly coated 
with a protective scale derived from the bisulphite liquor. 
Proceeding from this observation, it was found in efifect that 
a plain iron digester could bo provided with such a protective 
coating by introducing the ordinary bisulphite liquor into 
the digester, previously heated by the steam jacket to 110° C. 
The method was successfully practised for some time, but has 
again given place to linings of ordinary cement, e.g. a mix- 
ture of Portland cement and silicate of soda (Wengel), ground 
slate and silicate of soda, a mixture of ground slate or glass 
and Portland cement (Kellner). In other developments a 
lining of Portland cement is faced with special bricks or tiles, 
or even slabs of tempered glass. 

BaiUng Process, — The conditions and duration of the di- 
gestion vary somewhat in the ditl'erent systems of treatment. 
As an average, about 16-20 hours is required at a pressure of 
75 lbs. On the Mitscherlich system a maximum pressure of 
45 lbs. obtains, and the time required is much longer, viz. 
from 70-80 hours. During the process the excess of pressure 
is relieved from time to time by blowing oflF, and the sulphu- 
rous acid thus escaping is led to one of the 'reaction towers,' 
in which it is again combined with basic oxides to form 
fresh liquor. 

The Pioducts are of course the pulp, or fibre, and the 
waste liquor containing the sulphonated lignone bisulphite 
compounds. 

The unbleached fibre, in its washed condition, is still of 
course an impure cellulose. The follo^wm^ t^Y^*^^ «Ms\^^'Si»» 
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(ire given by GrifBn and Little ■ in illustratioti of variations ] 
in the ordinary market varieties. 



- 


MllMtKrlleh 
] ■rasas. 


Rapid DiK«sti<m. 


Mriisture 

Orgaiilo matter soluble in diluiel 

acid 1 

Organic matter Eoluble in ililiitel 

Hlkali 1 

Ewio 

Olluloae 

KinerBl matter (ash) 
Lignone (by difference) . 


9-000 
0-516 

1-505 
O'DGO 
80-800 
1-500 
6-G19 

loo-owT 


6-15 

2'53 

85-33 
I'OO 
5'01 


6'70 

2' 26 

8B-74 
0-45 
0'85 


657 

i-25 

83'i2 
0'33 
0-73 


6-*S 

1-52 

ai'si 

0-65 

9-87 



It appears therefure that the hotter grades of sulphite 
pulp or half-stuff yield fioni 86 to 90 p.ct. of 'pure,' i.e. 
bleached cellulose, each calculated to the same basis of air- 
dry moiatiire. 

The waste liquor contains the sulphonatod lignone oom- 
pounds, the composition of which we have dealt with on p. 66i 
The problem of utilising these by-products was investigated 
by the authors in 1833-5. It was found that they are largely 
precipitated by gelatin in presence of sulphuric acid or alum, 
the precipitate agglomerating to a caoutchouc-like mass of 
greyish colour. The compound thus obtained ia soluble in 
weak alkaline solutions — e.g. solutions of sodium sulphite, 
phosphate, carbonate ^ and in this form ia available as a 
sizing material.'!' 

The preparation of the material has been further developed 
in recent years by Mitsoherlich.f In engine-sizing paper (see 
p. 183), the solution is added (o the beaker, and the colloidal 
oompouud is thrown out of solution by the addition of a 

• Log. cit.. pp. 267-B. 

t EnglUli Patent, 1543, 1883, 

i Geimaii PatODt, 82,198, 1893. 
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calculated proportion of sulphate of alumina. It contri- 
butes in this way to the welding together of the fibres in 
the machine, i.e. to the * closing ' and toughening of the 
sheet. 

Recent investigations by H. Seidl * have confirmed those 
of Tollens and of the authors as to the composition and con- 
stitution of the dissolved lignone derivatives, and have also 
resulted in another practical application of these waste liquors, 
viz. to replace tartar and lactic acid as adjuncts to the pro- 
cess of mordanting wool with soluble chromates.f 

Such uses, however, fur a by-prodnct produced on an enor- 
mous scale, must be regarded as of relatively small import- 
ance; and in fact are hardly sufficient to affect their present 
position as * waste products ' — from which it remains for future 
researches to rescue them. 

Jute^ Flax and Hemp, Scutching Waste; Manilai 
etc. — In addition to the processes above described, all of 
which are concerned with the production of pure celluloses 
of the respective classes, and for use in writing and printing 
papers, a number of raw materials are treated by less drastic 
methods, producing a purified and disintegrated form of the 
original raw material, and by no means a pure cellulose. 
Pulps of this sort are used for the most part in wrapping 
papers. 

The boiling processes already described under Esparto 
and Straw are, with certain modifications, equally applicable 
to fibres of this class. For convenience in manipulation 
they are usually cut into small pieces by a machine such 
as is shown in Fig. 16, and are then cleaned and dusted in a 
willowing machine. The boiling process calls for no special 
notice beyond what has been already said with regard to 
other fibres. 

A cheaper method, and one which is largely adopted in 
mills which make wrapping and packing papers, consists in 

♦ Rev. Gen. d. Mat. Col. 1898, pp. 370-3. 

t See also Journ. Soc. Chem. lud. 1898, pp. 923 and 1043; English 
Patent 19,005, 1897. 
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treatment M^^l 
IS tic soda ifi^H 



boiling the jute or other fibre in lime. Such a treatment 
usually not bo effective as one in whioh caustic 
used, and the fibre produced is hariier and coarser i; 
way. The yield of pulp, however, owing to the fact that 
the fibre is imperfectly resolved, ia greater. In many cases, 
from questions of economy, lime may be advantageously em- 
ployed. 

Jute and AdauBonia are largely used for papers where 
strength is of more importance than appearance, such, for 
example, as paper for telegram forms, strong wrappinf 
paper, etc. 

Jnte — in tbe form of cuttings -or 'butts,' spinnera^' 
wastes, and bagging — is usually boiled with lime in cylin- 
drical or spherical rotai-y digesters. By the use of this base 
at comparatively low boiiing pressures (10—20 lbs.) a well 
softened half-stuff is obtained, which yitlds easily to the 
action of the beaters. 

It should be noted, on the other hand, tbat jute may be 
fully resolved to a cellulose of veiy valuable paper-making 
quality. In this case the treatment required is either (1) a 
severe treatment with caustic soda, as for the woods, but at 
somewhat lower pressures (70-90 Iba.) and with less alkali 
proportioned to its lower percentage of lignone groups; or 
(2) a relatively light alkaline treatment followed by treat- 
ment with chlorine gas and subsequent removal of the pro- 
dnots of chlorinatioQ by solution in alkaline liquids. 

Flax and Hemp Wastes, — In the mechanical processes 
of separating the fiax and hemp fibres, a fibrous waste is 
produced consisting of the bast fibres themselves, with vaiy- 
iDg proportions of the wood of the stems. These and the 
lower grades of apiuners' waBtes are usually worked up by 
the paper-maker, not for a pure cellulose, but for a half-stuff 
of less purity and therefore low colour. Various methods of 
alkaline treatment are adopted, i.e. boiling under pressure 
with lime or soda, or mixtures of the alkalis. In certain 
mills the method of chlorination has been practised for the 
purpose of attacking and resolving the wood. In this case, 
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as in that of jute, the preliminaiy alkaline treatment may be 
much * milder.' 

Attention may be called to the industrial problem of 
working up for paper-making half-stuff the enormous quan- 
tities of flax • straw ' which are wasted, in fact burned, in 
countries where the plant is grown for seed (linseed) only, as 
in the western states of North America. After separating 
the seed by thrashing, the * straw ' is not in a condition for 
treating for a textile fibre. It contains, however, 20-26 p.ct. 
of such fibre, and by a treatment drastic enough to break 
down (chemically) the wood and the cuticular celluloses, a 
* cellulose' half-stuff is obtained which undoubtedly ranks 
very high as a paper-making material. The utilisation of 
flax in this way is again the subject of serious industrial en- 
terprise, and it would appear that the product is destined to^ 
become an important staple. 

Manila may be taken as the representative of the rope- 
making fibres, in which group are included the various 
aloe fibres (Sisal, etc.) and Phormium. The paper-making 
qualities of manila are sufficiently characteristic to yield 
papers easily identified by their toughened and parchment- 
like quality. The fibre comes to the mill chiefly in the form 
of old ropes. These are cut down by hand and subsequently 
further disintegrated in machines, in which it is cleansed 
by dusting. It is then boiled with soda or lime under a 
varying change of conditions, according as it is required for 
envelope papers, cartridges, or brown wrappings. 

Miscellaneous Raw Materials. — In addition to the 
staple raw materials which are treated chemically in the 
paper-mill as above described, there are a large number of 
fibrous products which fulfil in themselves the requirements 
of the paper-maker, but which from various causes, such as 
cost of collecting or transport, are not generally available. 

Bamboo. — The numerous species of Bamhuaa furnish a 
etem which may be broadly characterised as a gigantic 
straw, and, when resolved by a severe alkaline treatment 
yields a pulp which has very much in common with tb^ 
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oelluloses of oiir cereal etrawa. Thin raw material ' 
thoroiiglily inveBtignted by Thomas Eootletlge in the period 1 
1870-5, and many attempts have been made to take advan^fl 
tago permanently of its proved capacitiea, but the raatt«^4 

lains prnctieully undeveloped. 

M^gaaae is the name given to the fibrous tissue of ths I 
Bugar-cane after the extraction of the juice — 
etem having a close resemblance to the bamboo. The mate* I 
rial has been eucceasfully treated, but the 3'ield of pulp u " 
low, and it is available only for the lowest ciass of papers. 

Adansonia is the fibrous bast or inner bark of the Adaa- 
aonia digilata, a tropical species which grows luxuriantly 
in the West African forests. It finds a liuiitad use in this 
country, especially for wrapping papers requiring a very high 
finish. For this purpose it is boiled with lime. Treated 
■with soiia, it may bo fully bleached to a cellulose of lery 
-valuable paper-making quality. 

Sunn Hemp (Cro(aiorta juncea).— This is a useful fibre, I 
and it finds a limited sale in the English market. It is a I 
bast fibre separated from the stem of the plant after a ret- ( 
■ting process. It has been tested experimentally for paper- ] 
making, and for papers of the higher grades, but it has not.^ 
come into general use. 

Bhea, Ramie, China Grass. — These <-^re bast fibres o 
Bpecieaof the nettle order. They readily yield, under alkaline ' 
treatment (caustic soda), a pure cellulose, and the ultimate 
fibres are di»tinguiahed for their exceptional length. The 
fibre comes to the paper-maker in the form of spinners' wa&tes, 
. and is available for papers of the highest grades. It is used 
to a limited extent for papers of special quality, 

' Broke ' Paper. — Under this head may be included all 1 
the partially formed paper which is always obtained in J 
igreater or less degree when a paper-machine is started, or, I 
,suoh portions as are occasionally unavoidably damaged ii 
passage over the drying cylinders, together with the impejwl 
feot or rejected portions. It may also include used or wastei] 
f«per, a large proportion of which, if not too dirty, is t«>.i 
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made intg paper. The ileaner portions, espeoially if they 
have not been dried, are frequently returned direct to the 
beaters, and mised with other pulp. That which has been 
actually made into papter requires to be softened by boiling 
in water and gentle breaking in an engine. It may be ne- 
ceaaary to heat it for a nhort time in a weak solution of 
cauatic soda. This may be done either in a breaker or in 
special tanks provided for the purpose. Paper which has been 
printed upon requires a rather more drastic treatment, and it 
must of conrse be need for an inferior quality of paper, as it is 
impoflsibJe to get it to as good a colour as the original pnlp 
from which it was made — at least not eoonomically. ' Broke ' 




paper may be advantageously disintegrated by means of an 
edge-runner. It consists of a pair of stones arranged in the 
same way as an ordinary mortar-mill (Fig. 27). 

Meohanical Wood Pulp. — A very large quantity of 
pulp in used in the commoner kinds of paper, such as obcap 
news, etc., which is obtained by disintegrating wood by 
mechanical means alone, no chemicals being employed. The 
idea of making paper in this way dates back about 100 years, 
but owing to the want of suitable machinery it is only lately 
that a good product has been obtained. The following are, 
in a general way, the details of the process employed : — 

I'he wood is first cut up into blocks, the aiia oi "«\ttdQ.\a 
■Li 
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■dotonnined by the width of the Btonea nsed for grinding; 
any knots present are ont out with an axe. The Btooes are 
made of sandstone, and are covered over three quadrants 
n caaing, the remaining qnadrant being exposed. 
The surfaces of the stones are made rough hy the pressure 
of a steel roll studded with points, and which is pressed 
against it while revolving. In addition to this, channels 
about ^ in. deep are cut into tho stone at distances of 
2-3 in. They are made in two sets, crossing each other in 
the centre of the atone, and serve to carry off the pulp to the 
flides of the stone, in addition to giving increased grinding- 
Burface. 'I'he pressure of the blocks of wood against the 
atones is steadily maintained by screws worked by suitable 
gearing i this is necessary in order to obtain a pulp of uni- 
form character. A stream of water is kept constantly play- 
ing on tho stone ; by this means the pulp, as fast as it is 
formed, can be conveniently carried away. It is first passed 
through a rake, which retains small pieces of wood that have 
escaped grinding. The stream of palp then passes through 
the sorters, tho object .of which is to keep back such por- 
tions of the wood as have not been sufficiently disintegrated. 
These consist of cylbders about 3 ft. long and 2 ft. in dia- 
meter, covered with a ooarae wire-cloth. The fibres that are 
retained by this wire fall into the refi.ners, which consist of 
a conple of horizontal cylinders of sandstone, the upper one 
only of which revolves. Here they are further disinte- 
grated, and are again passed through the wire-cloth ; this 
is repeated until all the fibres have passed through. The 
pnlp, aiter passing through the first sorter, may be conducted 
through a series of gradually increasing fineness, and, by 
this means, be separated into different qualities. Though 
pulp so prepared cannot compare with chemically-prepared 
stuff, as the fibi-es are extremely, short and have compara- 
tively little felting-power, it may be used with advantage 
as a sort of filling material. 

Virions modifications of the foregoing process have from 
time to time been proposed. Among others, that of softening 
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the wood by previous soaking in water, or steaming, proves 
to be Tulnable, as by so doing it ie found that a longer 
fibre can be obtained, the soft wood being more readily 
torn away by the stones. Some inventors have proposed 




to replace the sandstone by an artifioial stone containing «' 
lai^ quastity of emery. 

An improved method of preparing meohan ical wood pulp 
lately patented by Mr. A. L. Thune, of Gbristiania, has beea 
oommunioated to us by Mr. Carl Christensen. 
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The apparatus employed is slio-wn in Figs. 28, 29, and 30. 
Fig. 28 illuBtrates an arrangement of grinding apparatus 
fised direct on to a turbine. The stone is fastened on to 
the shaft S worked by the turbine T. The wood in the 




form of small blocks is kept in contact with the stone by a 
number of hydianlic presses P. 

A somewhat similar arrangement, but placed horizontally, 
is shown in front and side elevations iu Figs. 29 and 30. The 
Bame letters correspood. 




The ground and sorted pulp is made into thick sheets by 
means of the board machine shown in Fig. 31. The pulji 
mixed with water paanes down the shoot D into the vat B 
in which the cylinder E revolves. This cylinder is covered 
with wire-cloth, and as it revolves it takes with it a i 
tain quantity of pulp in the form of a continuous sheet. 
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This sheet is taken on to the endless travelling felt F hy 
the small conoh roll E. When it reaches the rolls C C it is 
wound found the upper one, from which it is removed when 
a sufficient thickness is obtained. Obtained in this form the 
pulp is readily transported. 

The woods commonly employed are white pine and aspen. 
The latter yields a pulp of a better colour, but of inferior 
strength than the former. 

Paper containing mechanical wood pulp is very liable 
to become, discoloured by the action of air and light, the 
lignocelluloses being much more readily acted upon than 
the celluloses isolated from them. Such fibre is, moreover, 
devoid of much felting power; it has, in fact, little to 
recommend it but its comparative cheapness. It is never- 
theless used in large quantities, some cheap papers beiug 
made almost entirely from it. 

In reference to the alkaline treatment of fibres dealt with 
in the early part of this chapter, a Table of Strength of 
Caustic Soda Solution will be found useful for reference^ 
for which see the next page. 
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SpedSi: Gnrlt;. 


Degreci Tniddle .• 


P«»nLK^,0. 


0.u',K^,' 


1-M40 


0-80 


302 


0-503 


1-0081 


1C2 


601 


1-001 


1-0163 


3-26 


1'209 


2-OlS 


1-0246 


4-02 


l'S13 


3-021 


1-0330 


6 60 


li-418 


4-030 


1-0114 


8-2S 


3-022 


5 037 


1-0500 


10-00 


8-02G 


6043 


1-0587 


11-74 


4-231 


7-051 


1-0675 


13-50 


4-835 


8-059 


1-0761 


15-28 


5-440 


9-067 


1-0855 


17-10 


G044 


10-073 


1-0948 


18-96 


6-648 


11-080 


1-1042 


20-84 


7-253 


12090 


1-1137 


22-74 


7-857 


13-095 


1-1233 


24-66 


8-162 


14-103 


1-1330 


26-60 




15-110 


1-1428 


28-56 


9-670 


16-117 


1-1528 " 


30-56 


10-275 


17- 125 


11(30 


^2-60 


10 -879 


IS 131 


11734 


34-68 


11-484 


19- 110 


1-1841 


36-82 


12088 


20-147 


1-1048 


38-96 


12-692 


21-153 


1-2058 


41-16 


13-297 


22-181 


1-2178 


43-56 


13-901 


23-170 


1-2280 


45-60 


14-506 


24-177 


1-2392 


47-84 


15-110 


25-170 




Note. — It moat be borne in mind that the above unmbers refer un!; to 'j 
cnlutioua of put-o onuatic ao<Ia. With liquoiB containing sodium cbloride, 
gulpbate, otc, the spetitio giavily will give an eironeoua view ot the 
amuont uf nlkali present, oa these snlli of oourae raise the gravity. For 
example, a liquor prepared hy eauetiaisiiig a aolation of recovered soda 
has a EpeoiSo gravity of l'U5 (10° Tw ). Aooordiog to the above table, 
thiB oorrcBpondB to 6043 per cent, of 60 per cent, cauatic. Tested I^ 
means of standard acid it showed 4520 per oent. Too mucb reliaaoe 
should thsnsfure not be placed upon determioiitions al speoifio gravity, 

bat la important caics the actual a * -•-"-'-■ -<---•'<-- j-. — '--' 

by titrBtion wiih Btondnrd acid. 

* To convert deireM Twnldlo into spodflo grartly, multiply br fi, 
by 1000; thns, 7= T«., 

1000)1036 (1-035 up. gr. 



it of alkali should be deti-rmiaed 
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CHAPTER VI. 
BLEACHING. 

The bleaching of the pulp or half-stuff resulting from the 
chemioal treatment of the various raw materials, is the second 
stage in the purification of the cellulose or compound cellu- 
lose; in the former case the residues of non- cellulose con- 
stituents are entirely removed, in the latter the product is 
more or less 'whitened,' but a considerable proportion of 
the non-cellulose constituents survive the process and conse- 
quently the pulp remains coloured more or less. The 
* ohemical ' wood pulps, it may be mentioned, are largely 
used in the unbleached condition ; the ' sulphite ' pulps are 
usually of a pinkish-grey colour, and they are used directly 
in 'toned' or greyish- white papers. The 'mechanical' 
wood pulps, for reasons which will appear, are used almost 
universally without any bleaching treatment, and they give 
a greyish tone to the lowest grades of ' printings,' of which 
they are the main constituent. 

Paper-makers' bleaches are essentially processes of oxida- 
tion. The agents employed are alkaline compounds of certain 
acid, oxidising oxides, and the alkalis contribute to the effect 
by hydrolysing the coloured compounds present in the fibre 
to be bleached, and by combining with the colourless products 
of the oxidation. Though several oxidising or bleaching 
agents are available, the use of 'bleaching powder' so 
enormously preponderates, that it is the only method we 
need consider in any detail. Bleaching powder, commonly 
known as 'chloride of lime,' is prepared by the action of 
ohlorine gas upon slaked lime, the latter absorbing more than 
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half its weiglit of the gas. The resulting compound is 
usually formulated as Ca qqt ; but when treated with water 
the compound is hydiolyeed and resolved into equal mole- 
culea of calcium chloride, CaClj, and Calcium Hypochlorite, 
Cft(OCl)a, the latter being the active oxidising or bleaching 
compound. The hypochloi-itea are the salta of the acid 
HCIO, which is the hydrate of the oiide Cl^O, thus : 

CI,0 -i- H,0 = 2HC10. 
It must be noted also that the resulting hypochlorous acid 
decomposes in acting as an oxidant into HCl + 0, and 
therefore the oxide CljO is equivalent in oxidising action 
to Oj, and vice vend, the 0^ obtained from bleaching powder 
represents 201,, and as the active constituent of these 
bleaching solutions is always expressed in terms of Chlorine, 
it is now clear that the apparent loss of half the active 
chlorine, as the inert CaCl,, which attends the act of solution 
in water, is only a change of terms, viz. to oxygen. In this 
sense, therefore, and in regard to oxidising actions, the whole 
of the chlorine of a normal bleaching powder is ' available 
chlorine.' 

For the actual composition of a normal bleaching powder 
we cite an analysis by Griffin and Little ; — • 



Total CI 
' 37-60 



Available chloriae 87*001 

Chlnritie aa cbloiiilu 0'35 

Chlariue u chlorate 0-2.=i 

Lime 44-49 

Hagneaiti 0-40 

SUioioDS matter 0'40 

OzidM of i(im, alamina anil tuangniieae . 0-lS 

Caibonioadd 0-18 



100-00 

This analysis is one of a series, the purpose of which was 
to determine the rate of depreciation of bleaching powder 
when stored in the usual hard wood cakes at temperatures 
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lot exceeding 62° F. At the eipiration of eleven months i 
rDhlorice ' numbers of the above had changed to — 



Available cblnrlne . 
Ohloi ins ae cbloiide . 
Clilariuo aa ohlorate . 



33-80 
2 '44 
000 



Dwring the same period the carbonic acid had increased from 
0-18 to 0-80. 

It is to be remembered, therefore, that bleaching powder 
is an nnatable compound, and the eupplicB should be stored 
in dry, cool places, and out of the range of any poasiblu 
contact with products of combustion, i.e. of coal or coal-gas. 

Preparation- of the Solution.— The solution is best 
prepared in a vessel provided with stirrers or agitators, 
■whereby a thorough mixture of the bleaching powder and 
water is obtained. Bleaching powder always contains i 
certain amount of free lime and calcium carbonate, which 
remain undiseolved as a residue which should be allowed 
to settle to the bottom of the vessel, and the clear liquor run 
off. The residue may then be again treated with water, or 
with weak liquor obtained iu a previous operation. If the 
washings are too weak to be conveniently used for bleaching, 
they may be stored in a separate tank and naod for dissolving 
&esh powder. In this way a strong stock solution can be 
readily prepared, the powder at the same time being 
thoroughly exhausted. The washing should be repeated as 
frequently as possible, after which the residue may he 
allowed to drain. This operation is best conducted on a 
filter-bed provided with an air-pump similar to tBat described 
in Chapter XI. The residue is obtained in this way as a 
hard cake, containing about 60 p.ct. of water. If the above 
operations have been properly conduct od, it should not contain 
more than about 0-25 p.ct. of chlorine. It is, as above 
stated, mainly composed of lime, i.e. the hydrated oxide of 
calcium Ca(OH)a, and carbonate of lime. Calculated on the 
dry substance, the former amounts to about 60 p.ct. and the 
latter to 30 p.ct. 
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The original powder aiiould contain from 33 • to 37 -0 p.ct. 
wof ' available chlorine,' that ie, chlorine which ia effective in 
the bleaching procesB. - 

If possible, one or more large slore tanks Khould be pro- 
vided for the strong bleach liquor, so that time may be given 
for the complete separation of the insoluble portions. The 
liquor can be drawn off with a ' siphon ' pipe without dis- 
turbing the residue. 

It is generally advisable that only clear liquor be used, 
as a milky solution of calcium hypochlorite is much more 
slnggiah in its action than one which is perfectly clear and 

A convenient strength for the stock solution is 6° Twaddle : 
this corresponds to about half a pound of bleaching powder 
to the gallon, 

The solution of the hypochlorite is also liable to deteriora- 
tion with loss of ' chlorine ' strength. It must, therefore, be 
stored in cool places, and there should be a minimum of 
exposure to the atmosphere. This is secured by storing in 
relatively deep vessels. 

The following reactions of the bypochloritea and their 
practical bearings are important:— 

1. They liberate iodine from the iodides. Free iodine 
gives a deep indigo blue coloration with starch. Hence 
the asnal test solution for the pretence of these compounds, 
viz, a starch paste containing potassium iodide. 

Teat Papers are made by soaking pure cellulose (filter) 
papers in the mixture and rapidly drying in a pure atmo- 
sphere. Care must bo taken to avoid oxidation of the iodide 
to iodate, as a mixture of these salts is decomposed by the 
weakest acids with liberation of iodine, thus — 

SKI -I- KIOj + CHCl = 6KC1 + 3H,0 + 31,. 

In using the teat papers with acid solutions the test 
papers should bo themselves tested with a weak acid 
(acetic). 



. BLEACHING. 157 

2. In adding the hypooKLorites to a soluble iodide in 
presence of acid, the following reaction takes place : — 

CI2O = 2HC10 + 4HI = 2HC1 + 2H2O + 2I2. 

In this case both the chlorine and oxj^gen are converted into 
the joint equivalent of free halogen. The reaction affords 
a rapid and satisfactory analytical method, i.e. for estimating 
• available CI.* 

3. The hypochlorites are instantly * destroyed ' by 
hydrogen peroxide, thus — 

NaClO + H2O2 = NaCl + HgO + O2 ; 

that is with production of entirely * neutral ' compounds. 
In estimating the alkalinity or acidity of a bleaching liquor 
the hypochlorite is destroyed by a neutral solution of the 
peroxide ; after which ordinary indicators may be used, and 
the products titrated with acid or alkali to the neutral 
point. 

4. The neutral sulphites are oxidised to the neutral 
sulnhates * 

* NaaSOg + NaClO = Na^SO^ + NaCl. 

Both the above reactions are useful therefore in * neutralising * 
or destroying excess of * bleach.' 

6. * Organic ' or carbon compounds react with the hypo- 
chlorites in various ways ; (a) they are simply oxidised^ thus — 

K • COH + NaClO = K • COOH + NaCl. 

Aldehyde Acid 

Q)) they are chlorinated in various ways; thus, saturated 
compounds, such as alcohol, acetone, aldehyde, yield chloro- 
form (CCI3H) : unsaturated compounds may yield chlor- 

hydrins, CHj'CHj + ClOH = ^n^^Q^i or. if aromatie 

derivatives, chlorinated phenols, quinones, etc. Also it must 
be remembered that strong hydrochloric acid liberates chlorine 
from the hypochlorites ; a large number of acids set free tha^ 
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hypoohlorous acid, which however is very nnatable and 
readily decompiBes with liberation of chlorine. Thna the 
lignocellulosea are very liable to cMoriaalion undei' treatment 
with bleaching powder solution, as a result of the secondary 
reactions. In bleaching jute (half-bleach) or wood pulps 
(oelliiloee bleach) a ba^ic reaotion ehonld be maintained 
throughout. The presence of chlorinated lignone compnundB 
ia shown by the coloar reaotion with sodinm satpliita 
(p. 64). 

The method of testing the powder and its solution will be 
described in Chapter XIII. 

Bleaching Process. — The washed and broken pulp ia placed 
in the ■ potcher,' together with the necessary quanlity of 
bleaching liquor and as much water as ia required to pro- 
duce complete circulation of the mass. In many mills the 
breaker itself answers the purpose of a potcher also. ITie 
quantity of water should be kept as low as possible, as it is 
found that by the use of strong solutions less bleaching 
powder is required than with weak solutions ; moreover, 
less time is required to produce the efiect. On the other 
hand, with very strong solntiona, the pulp is liable to be 
injuriously affected. 

Straw and esparto pulps are sometimes bleached in large 
potchers made of brick covered with cement. The circula- 
tion of the pulp ia produced by the action of paddles made 
of wood or, preferably, of iron. 

Many ' potchers ' are provided with steam pipes, whereby 
the mass of pulp and liquor is heated. Thia should be dona 
with great care, so as to avoid superheating in any part, as 
this is certain to cause destruction of the fibre. The better 
plan, where it can be adopted, ia to uniformly heat the pulp 
before running in the bleach. 

In certain cases the action of the calcium hypochlorite is 
aBBistod and accelerated by the addition of either sulphuric 
or hydrochloric acids ; theae combine with the lime and 
liberate hypochlorous acid, which has a more rapid action 
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than ita caloiam Halt. If the acid he added ia too large 
quantity or of too great a strength, it eometimes happens 
that instead of hypochlorous acid chlorine gas is given off, 
part of which escapes into the air, thus oaitBing Iobb. More- 
over, the chlorine is liable to enter into conihination with 
the fibre-stibstance, forming the yellow chloriuation products 
described on p. 56. 

This liability is greater in the case of highly lignified 
fibres, such as wood or jute : in these cases, therefore, the use 
of acids should be avoided. When used the acid should be 
largely diluted with water and added gradually. The best 
plan is to allow the action of the bleach to continue for some 
time, only adding the acid when it is nearly eKhatiated. In 
this way risk of damage to the pulp is avoided. 

The diluted acid should be convejed by a leaden pipe 
passing down to the floor of the potcher, and perforated at 
its lower estremity. 

In bleaching half-staff from flax waste or new linen pieces, 
i.e. rags, after the alkali boil, the acid bleach is asefiil in 
resolving the residues of lignooellulose or 'sheave.' The 
treatment is in the case of rags usually carried out in a 
'tumbler' or revolving barrel made of wood, and suitably 
lined internally with resistant material. The barrel is 
charged through a manhole and, after the liquor is added, set 
in cironlation. After some time the acid is added through 
the manhole and the circulation continued. 

Other means of accelerating the action of the bleaching 
powder have been auggented, buch, for example, as the use 
of bicarbonate of soda, which by double decomposition forms 
with the bleaching powder carbonate of lime and free hypo- 
chlorous acid. It is, however, much too expensive an agent. 

The amount of bleaching powder necessary to produce a 
good white colour differs materially with the fibre to ho 
bleached, and of course with tlie degree of resolution of the 
^bre-Bubstonce in the preliminary treatment with oauetio 



160 PAPER-MAKING. 

The following numbers may be taken to be approximations 
of the amount necessary to bleach well-boiled pulps ; — 

Per esrl. Ponder. 
Oiigliut I'lbn. 

RagB 2 tu 5 

Eepurta 7 i, 12 

Straw 7 „ 10 

Wood 15 „ 20 

A well-boiled pulp should contain from 90 to 95 p.ct, of , 
cellulose, that is, in other words, will lose from 5 to 10 p.ct. . 
in weight in the process of bleaching. 

Very excellent results are sometimes obtained by Btth- , 
stitiiting sodium or magnesium hypochlorite for the calcium 
compound. This is done by decomposing a solution of bleach- 
ing powder with an equivalent quantity of either Bodium 
sulphate or carbonate, or magnesium sulphate. The pre- 
cipitate of calcium sulphate or carbonate is allowed to settle, 1 
and the clear liquor run off. The soda solution is more slug- I 
gish in its action than one of calcium hypochlorite, but it ii 
more easily controlled, and is less liable to injure any material 
treated with it. From a comparative atudy by the authors, 
of the bleaching autions of these three hypochlorites;* it 
appears that the chemical reactions are simplest in pre- 
sence of magnesia, this base favouring oxidalion ; with lima I 
as base there is a greater tendency to eJilorination ; soda ia % 
intermediate. 

The time necessary to produce a perfect bleach depends 
on the nature and condition of the pulp, on the degree of 
concentration of ths liquor, and on the temperature at which 
the operation is conducted. Some paper-maiers prefer to J 
extend the bleaching over a considerable period of time, 
but this involves the employment of a larger system c ~ 
* potehers,' which in many instances is an objection. If 
this method is adopted, especially in the case of straw 
esparto, the action of the paddles or roll should be stopped, 
as otherwise the fibres are liable to felt together in the form 
* Joum. Son. Cbem. lud., 1E90. 
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of small giminsy wliick Kxnedmes escape the actkn of die 
beating roll, and oocasioiially find their way into the paper^ 
causing an nnevcnncfls of siir£M:e. Bjr giring longer time 
to the bleaching there is leas risk of damage to the fibre^ and 
conseqnentlj a greater yield of bleached pnlp. 

Tbe action of the bleaching solution shonld, as &r as 
possible, be confined to the non-K:ellnlcee portions of the 
fibre. '^ A certain action on the cellulose itself invariably 
takes place, bat it should be reduced to a minimum. The 
action of bleach npon cellulose has been indicated in Chapter 
L, p. 42. For farther information on this subject the reader 
is referred to the 'Journal of the Society of Chemical 
Industry/ 1884, April 29 and May 29. 

A very good method of bleaching consists in a prelimi- 
nary treatment in the ordinary way in the potcher, followed 
by a prolonged steeping in tanks. 

In the case of pulps which are very difficult to bleach, the 
action can be greatly assisted by wa»hing out the products of 
the bleaching action, treating the pulp for a short time with 
a weak alkaline solution, again washing, and then repeating 
the bleaching process. In this way very refractory pulps 
can easily be bleached. Even an intermediate washing with 
water is useful. Such refractory pulps are sometimes ob- 
tained in the bisulphite-wood process. Griffin and Little * 
haye put on record a careful investigation of such a case 
where the difficulty of bleaching was traced to an impurity 
of an organic sulphur compound. With an intermediate 
alkaline treatment the usual high colour was obtained. 

In most cases, where a fairly good colour has been ob- 
tained by the use of bleaching powder alone, the ooloiir is 
greatly improved by a souring or treatment with weak 
hydrochloric acid, or, better still, with solution of sulphurous 
acid. 

Or the bleaching may be conducted in two or more opera- 
tions with intermediate treatments with acid. 

All these modifications, however, are more or less trouble* 

* ' Chemistry of Paper Making/ pp. 287, 288. 



APEK-MAKING. 



1 



some, and eliauld only ht> resorted to when the ordinary 
method fails. 

After bleaching, a certain quantity of hypochlorite, i.e. 
' active chlorine,' always remains in the pulp. It may he 
removed in the potcher itself, or when the pulp reaches the 
heater. In any case, the methods adopted ara the same. 
("See p. 183.) 

In some mills it is the praclice to free the bleached pulp 
from the Boluhle by-products of the bleaching process by 
pressing the pulp in hydraulic presses, or by draining in 
vats provided with perforated bottoms. Or the p«lp maybe 
made to pass through a pulp-saver. 

In modem practice the presse-pite system is more gener- 
ally adopted : this is, for evident reaBoua, the most thorough 
method of finally purifying the celluloBo. 

Chlorine gas as a bleaohing agent has been almost en- 
tirely superseded by the more manageable calcium hypo- 
chlorite. Its employment ia open to the serious objection 
indicated before, viz. the liability to form difficultly remov- ' 

able chlorine compounds. Its nte as a disintegrating agent i 

has already been alluded to (see p. 136), 

The introduction of liquefied chlorine, however, reopens 

the question of the practical application of tlie halogen itself, ^H 

For information on this matter see 'Annalen der Chemie,' ^^M 

I 259, p. 100 (R. KneitBch). ^M 

^^M A process has been suggested and patented (English ^^| 

^B patent Ko. 11,333, 1384), by Prof. Lunge, which involves the ^H 

^^V use of acetic acid. The quantity required is, however, very ^^M 

^^^ small, as during the process of bleaching it becomes regener- ^^M 

ated. The free lime in the bleaching powder solution should ^^M 

first be nearly neutralised wilh a cheaper acid, such as hydro- ^^M 

ohlorio or sulDhuric. followed then bv the addition of the ^^ 



ohlorio or sulphuric, followed then by the addition of the 
acetic aoid. This process, we are informed, gives excellent 
results with high-class material, such as the best cotton and 
linen rags ; it is, however, not to be recommended for such 
materials as the straw or esparto, or wood_ cellulose, nor for 
the jute half-bleachos. 
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For the bleaching of rags the process invented by 
loinpaon (English patent No, 5!'5, 1883) has also proved 
effective. The method coDsiets in satwrating the material 
with a weak solution of bleaching powder, and then ex- 
posing them to the action of carbonic acid gas, alternating 
the treatment with liqnor and gas until the bleaching is 
complete. In this way the bleaching action is made vtry 
rapid and effective. 

Electrolytic Bleaching. — Various attempts have from 
time to time been made to bleach by means of electricity — 
that ia to say, by means of the products of the eleotrolysis of 
solutions of alkaline chlorides and the chlorides of the alka- 
line earths. The first process to be industrially developed 
was that of M. Hermite. This process ia based upon the 
electrolysis of a solution of magncsiuui chloride, this salt 
having been found to give the most economical results. The 
solution, at a strength of about 2 • 5 per cent, of the anhydrous 
salt (MgCL), ia electrolysed until it contains the equivalent 
of about 3*0 grma. chlorine per litre. This solution is then 
run into the ' potcher ' containing the pulp to be bleached ; 
a continuous stream ia then kept up, the exoesa being removed 
by means of a drum-washer. This excess, whith after being 
in contact with the pulp in the engine is more or less deprived 
of its bleaching properties, ia then returned to the electro- 
lyaing vat, whore it is again brought up to the normal 
strength. 

The electrolysing vat consists of a rectangular vessel of 
^idate or other suitable material. The negative electrode 
ly be constructed of zinc ; for the positive it is necessary 
■to employ platinum. Each electrolyte contains a large 
^■finmbor of pairs of plates disposed in series, the electrical 
connection being of course ' in parallel.' 

The electrolysed solution has been found to possesa very 
remarkable properties, which have considerable bearing upon 
the economy of the process. If a solution be taken of equal 
(^dising efficiency with one of calcium hypochlorite, as in- 
jfficatedby tho arsenious acid test (see p. 279), it ia found. t\v!i.^ 
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the former possesses greater bleaching efficiency than the latter 
in the proportion of 5 to 3. Moreover, the bleaching is much 
more rapid, and the loss of weight ■which the suhstanceB 
undergo is less, for equal degrees of whiteness obtained. 

It has been shown that by the electrolytic method tlie 
bleaching of paper pulp can be effected at much less cost 
than with bleaching powder. The process has been exten- 
sively employed in French mills. 

It must be noted here that the ' Hermite ' syster 
originally based upon a continuous circulation of the bleach- 
ing liquid in between the poteher and electrolyser. This 
however, is only practicable in the case of rag celluloses ; in--- 
bleaching esparto and wood the organic matter dissolved In 
the bleaching liquid leads to many inconveniences, Buch as 
frothing and to a serious loss of current by short-circuiting 
and by doing waste work {oxidation} on the dissolved organic 
matter. 

Consequently this and other electrolytic systems have 
resolved themselves very much into the preparation of a 
bleaching solution, which is then run into the poteher and 
used in the same manner as a solution of bleaohing powder. 

Although this is a considerable practical simplification, 
it involves a certain sacrifice of ' bleaching efficiency.' It 
still appears, however, that the electrolytic solutions show a 
certain economy when compared with solutions of bleaching 
powder. 

In estimating the relative ooeta, the following are the 
essential data for arriving at the cost of the ' electrolytic 
chlorine.' 

(I) The unit of quantity of current is the ampere ; one am- 
pSre per hour in passing throiigh the electrolyte solution 
■liberating' its 'equivalent' of 1'3 grm. chlorine at the 
anode, and the corresponding quantity of sodium at the 
kathode. 

The above are the electro-chemical equivalents, i.e. theo- 
retical numbers ; in practice the yield is considerably leas 
than the theoretical, as in this kind of electrolysis there are 
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complications due to secondary reactions. The nnit of cur- 
rent must therefore be taken as yielding 70-80 p.ct. of the 
equivalent of 'available' or hypochlorite chlorine, say 1 
ampere = 1 grm. of active chlorine. 

2,' The resistance against which the current has to be 
forced is measured in units known as volts : in this order of 
processes a ' pressure ' of 3-4 volts is required between the 
terminals. The product (amperes and volts) is the energy 
or work expended : and this is expressed in the same units as 
mechanical work — of which 746 go to the * horse-power.' 

Hence we have the following cycle of related quantities : 

2 lbs. of coal by combustion and steam raising are con- 
verted into a horse-power of mechanical energy, which 
exerted through one hour amounts to 746 ' watts ' : this is 
converted through the dynamo, with attendant loss, into 
say, 630 similar units of electrical work. 

To liberate 1000. grms. of chlorine we require 1000 am- 
peres, which, at 3*5 volts, consume 3500 units of energy, i.e» 
require a force of 5-6 horse-power per hour.* 

♦ Joum. Sqc. Chera. Ind. 1892, p. 963. 
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CHAPPER VII. 

BEATING. 

The bleached pulp is Btill in the condition of ' half-stuff,' 
requiring a further and final treatment. If it were at- 
tempted to mate paper from the pulp in the state in which 
it leaves the 'potchers' or 'steeping' chests, it would be 
found to he wanting in evenness of texture and other 
qualities which mark a well-made Kheot of paper. This 
tesult is only secured by a process of disintegration and 
comminution, the main and immediate purpose of which 
is the complete separation of the individual fibres, which in 
the half-stuff still adhere to one another and are more or 
le»s agglomei'ated into masRes. At the same time also it is 
necessary for the uniformity of the stuff that the fibres 
should he more or less reduced in length, which is accom- 
plished partly by cutting, partlj' by drawing out or shred- 
ding the fibres. These are in effect the more important 
mechanical results of the beating process. 
-^ The machines or beaters in which this proeesB is carried 
out resemble in general appearance the breaking engines 
previously described ; the rftll, however, carries more knives, 
and it is usually let down much nearer to the bed-plate. In 
the case of fibrous substances, whose ultimate fibres are rela- 
tively short (see table, p. 88), it is only necessarj' to split up 
the filaments into their constituent fibres: esparto, straw, 
and wood are of this class. In the case of straw, the disin- 
tegration is for the most part accomplished in the boiling 
and bleaching processes, and therefore Imt little work de- 



^^^^Htlves upon the beater. Esparto and VfOoA require a certain ^H 

^^^Hnnount of beating, but this should be regulated to the ^H 

^^^"orawing asunder of the individual fibres, the cutting of the ^^ 
fibres being carefully restricted. This is accomplished by 
adjusting the dist-ance of the roll from the bed-plate, so that 

iiy the friction of the fibres upon themselves, when passing ^^ 

fver the plate, a kind of rubbing or ' brushing ' ie produced. ^H 

'S a carefully- made paper of esparto or wood be examined ^^| 

)y the microscope, it will be found that the majority of ^^| 
the fibres preserve the pointed or slightly rounded ends 
characteristic of the baat or wood cells. On the other hand, 
it is obvious that cotton, whose ultimate fibres have a length 

of 20 to 40 mm,, and flax (25-30 mm.), with other similar ^M 

^brea, will require to be broken up into short fragments in ^^M 

Wder to develop to the fullest the ' felting ' property of the ^^| 

pulp, Not only are the fibres reduced to the most favourable ^H 

dimensions, but in cotton and linen a further contributory ^H 

advantage accrues ; for on account of the internal structure ^H 

of the ultimate fibres thej' tend to split «p at the point of ^H 

•inpture into a number of fibrillte, which, in the case of ^^M 

MottoQ, take the form of a network ; and in case of linen, are ^H 

aeen as a bundle of distinct fibres parallel to and continuous ^H 

with the fibre. This gives the ends of the fragments a ragged ^H 

contour, which has considerable influence on the felting ^H 

power of the pulp, and therefore on the strength of the ^H 

paper into which it is made. ^H 

With these fibres, therefore, the 'cutting' as distin- ^| 

guished from the 'breaking' action should be avoided as ^H 

muoh as possible, otherwise the effect described ahove will ^| 

not be produced, nod the fibres rt'iU show instead a clean ^| 

out. The appearance shown by cotton and linen pilp, when ^| 

thoroughly 'beaten' and ready to be made into paper, is ^| 

given in the frontispiece, which is taken from the authors' ^H 

mici-o-photographs. ^H 

The 'half-stuff' is furuished to the 'beater,' or ' beating' ^^| 

jADgine as it is sometimes called, previously partially filled ^H 
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with water. Tlie furnishing is done in successive portions, 
the first being allowed to mix thoroughly with the water 
before another lot is added. This is continued until the 
mass or 'furnish' is of a cert-ain consisf^nce, depending 
upon the natuie of the pulp and the character of the paper 
to be made. In perhaps the majority of oases the aim is 
to work the furnish as stiff or thick as ia consistent with 
free circulation in the beater under the action of the roll. 
Owing to the construction of the beater, it frequently hap- 
pens that a portion of the pulp lodges in the comers, from 
which the beater-man removes it by means of a wooden 
paddle, which also serves to posh forward the pulp to the 
roll in case the motion is inclined to be sluggish. The 
proportion of water to pulp should not be too high, other- 
wise the beating is not so effective ; at the same time, if 
the mass ia allowed to get too thick, imperfect circulation 
results. 

The operation of 'beating' oooupiee a considerable time, 
and couBumes a large amonnt of power. Cotton and linen 
rags naturally take longer — in some cases as much as ten 
hours is given to the operation, and the time is further pro- 
longed in the case of stuff required for exceptionally thin 
paper, e g. tissues. 

R'^parto, on the other hand, can be sufGciently disinte- 
grated in from two to four hours. 

Wood pulp requires very gentle beating ; it is therefore 
necessary to prolong the time to about sis hours. 

These differences in the duration and method of beating 
shonld be borne in niind when pulps of different natures are 
mixed together in ihe same beater, as is frequently the case. 
It ia better, with very dissimilar fibres, to ' beat ' each sepa- 
rately, and only to mis them in the stuff-chests. This, 
however, is open to the objection that the pulps may be 
insufBcieutly mixed. 

The length of fibre to which pulps should be reduced 
depends to some extent upon the kind of paper to which it 
is to be applied. The authors have examintd a number of 
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xs follows ; — 



Wood and Btiaw pulp, when imported in the form of dry 
sheete, may, before being beaten, be conveniently difiinte' 
grated and thoroughly mixed with water by means of the 
edge-runner described under ' Broke ' Paper, p. 147, Fig. 27. 

There is a certain quality in beaten stuff, as compared 
with the original half-staff, usually expressed by such ad- 
jective terms as ' wet ' or ' greasy,' which has an important 
influence upon the working of the stuff upon the machine, 
and therefore directly affects the quality of the finished 
paper. This effect is largely the result of the beating pro- 
cess, but is essentially influenced by ihe special charaoter- 
isticB of the celinloses themselves — that is, by their respective 
capacity for taking up water with production of gelatinous 
hydrates. The differentiation of the celluloses in this respect 
has been previously dealt with. The effects contributed by 
the beating operation will be best appreciated by reference 
to ail extreme case. When a cellulose half-stuff is beaten 
for a prolonged period (40-150 hours) its condition approxi- 
mates to that of the homogeneous, structurelcBs, gelatinous 
mass, which is obtained by the spontaDeous ' settiug ' of 
dilute solutions of the sul|iho-carbonatcs (p. 23), Moreover, 
on draining and drying, the cellulose compacts itself to 
masses which can bo shaped by moulding and turning. The 
structural material obtained in this way has been termed 
cellalUh. It is sulSciently obvious that a proportion of 
cellulose in this form enables the stuff to hold more water 
in its passage over the wire-cloth of the machine, and oon- 
tributes in the later stages of the making to the weld- 
ing of the fibres together, and to the closing and compacting 




npon the instantaneous production by this i 
effects of long "beating. 

In making the finer kinds of paper, the roller bars or 
knives, instead of being made of steel, are made of bronze ; 
thus any contamination with oxide of iron is avoided. This 
is especially liable to take place in case of steel knives when 
the beater has been allowed to stand for some time. 

Tha inside of the beater itself is ofton lined with lead, a 
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material which is not liable to oxidise, and which can very 
readily be cleaned. 

When a beater has been running for some time, the knives 
of the roll and the bed-plate become worn and so far reduced 
that they mnst be taken out and re-cut. The bed-plate is 
removed, firmly fixed in the bed of a planing machine, and 
the edges trimmed by means of a chisel, so as to cut the 
knives at the proper angle. 




Fig. 33. 

The roll and bed-plate are shown in section in Fig. 32. 
Fig. 33 is a plan of a bed-plate, and Fig. 34 illustrates the 
manner in which the knives are fixed. 

It will be seen that the knives in the bed-plate are placed 
so that they do no:; lie parallel with those of the roll. This 
arrangement imitates to some extent the action of a pair of 




Fig. 34. 

scissors. Occasionally the knives are slightly bent, so as to 
form a very obtuse angle. Bed-plates so fitted are called 
' knee-plates.' They are largely used in America, but not 
much in this country. 

To obviate the necessity of removing the roll, a small 
machine has been devised whereby the knives can be out in 
8itu. This machine, which can be firmly fixed between the 
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^^^1 mid'feather and the side of the heater, conHiots of & small 
^^^F Bteam-engine which actuatee a muvabie cutter, made to pass 
^^^ to and fro horizuntally along the edge of each knife in suc- 
r cession. The engine is supplied (sith steam by a piece of 

I strong flexible rubber tubing. 

^^_ The ordinary form uf beater is fittid with a single roll, and 

^^^ tlie general airangement of its working parts is that already 
^^H described and figured, p. 119, for a ' breuking ' engine. This 
^^r type of beater is known as the HoIlanJer. Its main defects 
I in woiking are those of impei-i'ect circulation of the stuff. 

They are largely obviated by certain additions and modifi- 
cations of structure embodied in 'Tait's Patent Beating 
Hollander.' The essential modification consists ia heighten- 
ing the back fall, with the introduction of a guard, concentric 
with the roll, thus forming a narrow passage for the passage 
of the stuff, ensuritig its continued circulation and preventing 
its falling back on the roll. By avoiding this local chuming 
actiouj the entire contents of the beater passes more frequently 
through and under the roll. The structural improvements 
in question are indicated in the shaded portions of the 
accompanying sectional sketch. 
^^^ Tait's improvements to the ordinary Hollander cannot be 

^^^ better described than in terms of the inventors' patent speci- 
^^H fi cation — * 

^^f 'The object of this invention is in an engine provided 

I with a guide or fence to guide or direct the pulp away from 

the back of the roll and prevent the pulp from being carried 
ronnd with and over the top of the roll. 
I ' According to this invention a passage is formed at the 

back of the roll and so placed that the pulp is forced or 
thrown through this passnge into the trough of the engine 
and prevented from being carried round with tlie roll, 

'In an engine couKtmcted according to this invention, 
the passage through which the pulp is thrown into the 
^^^ trough may be formed at any point behind the dead-plate. 
^^^L ' In existing engines the passage may be formed by raising 

^^V * Engliali patenl 2>,13D, 1S92. Thomaa Tait Biid John Uotxl. 
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the baok&ll and giving it a suitable shape by means of a 
blook of wood, iron or cement fixing to the cover or sides of 
the engine a guide or doctor extending the whole width of 
the roll, BO aa to form a passage of a suitable shape between 
the raised backfall and guide through which the pulp is 
thrown or directed away from the roll and into the trough of 
the engine. 

Pi.; .'^.^ 




' The annexed drawings show our invention. 
' 'Pig. 35 is a section on the line ab of Fig. 36, which is a 
plan of the beater engine. 

' A IB the trough, B the partition therein, C is the shaft 
and D the beater roll, E is the shield with a curved guide F, 
from which ia hung by hinges a flap G. H is the uprising 
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LDoline of the bottom to the dead-plate I, the bottwn 
"being curved at J to the neck K, from which 
plate or backfall L. This may be at any angle eiich 
indicated by full lines, the dotted liiies showing the height 
at which the backfall of an existing beater engine is carried ; 
the additional height can be made to form the narrow passage 
by building up on the existing one by a lump such as tliat 
shown by the curved dotted line N, M in the guard in the 
open return part of the trough A and under the shaft C. 

' The space between the top edge of the backfall L and 
of shield E and guide T is of such shape and narrow, but of 
the full width of the roll E to prevent the 'stuff' falling 
back between the roll E, curved plate J, or of being carried 
round by the roll B, whereby the stuff has a better travel 
and circulation than usual, and passes oftener and more 
regularly between the roll and the plate. 

' By this invention the stuff is more freely delivered 
behind the roll and stands higher in the trough than in 
ordinary beater engines, and the guard not only prolecta 
the shaft, but enables the stuff to move uniformly along the 
return side of the trough." 

The inventors claim as the special piints of novelty — 
(l) utilising the centrifugal force imparted to the 'stuff' 
(by the roll E) by taking it through a narrow opening from 
the roll to the trough. This arrangement, together with (2) 
the shape of the backfall and guide, producing a better circu- 
lation of the stuff and an increase of beating action in a given 

Certain new foiins of beaters have lately been introduced 
in this country, and are rapidly gaining in favour, chiefly on 
account of the saving of driving power, and thfe space occu- 
pied, compared with the amount of ' stuff' they are capable: 
of beating. 

The Acme beater (Bertram & Shand'a patent) emhodiea 
original features, in construction and working of which the 
more essential are (1) the elevation of the beating roll from 
the main pulp channel ; (2) theprovisionof a screw propeller 
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^^^V for elevating the pnlp from the main chtmnel to the roll ; 
^^^1 and (3) the division of the trough, into two channels —the 
^^H upper of which contains the roll — by a partition which can 
^^H be made to swing in a practically perpeudicular position. 
^^B This arrangement simplifies the emptying and washing out 
^^ of the engine. These more important particulars are set out 
in the annexed figure (Fig. 37), which represents a longitu- 
dinal section of the beater. We are indebted to the firm of 
^^^ Bertrams, Limited, of Kdinburgh, the makers of this beater, 
^^L for the drawing, and for information respecting this and other 
^^H machines; and we take this opportunity of advising our 
^^r readers of the important ' Illustrated Catalogue of Paper 
I Mill Machinery,' published by this firm, which will be found 

to contain a complete descriptive account of the paper machine 
I end all auxiliary appliances, in their most improved and 

^^B modernised forms. 

^^H The Befining or Perfecting Engine is a more modem do- 

^^B Telopment of the beater. It may be shortly described as a 
^^^ ' concentrated boater.' The working of such a machine, and 
I the principles of treatment which it embodies, will be readily 

grasped from the annexed illustrations of the 'Marshall 
^^ Engine,' Fig. 38, showing the working parte of the engine, ^^ 
^^L and Fig. 39 the engine in elevation,* ^^| 

^^H The stuff is taken from the beater in a condition of partial ^H 

^^H preparation, and is further triturated in its passage through ^H 
^^^k the engine, which consists of the two essential parts : A, ^H 
^^^P, a caet-iron cone revolving within the fixed cone A', fitted with ^| 
^^V steel angled knives, and B a cast-iron disc revolving at an ^H 
^^^ adjusted distance from the stationary disc B', also fitted with ^^| 
r angled knives held in position by hard wood wedges or fillets. ^^| 

The work of the former is to reduce the fibres to uniform ^H 
^_n length, the disc portion of the engine then reducing the stuff ^* 
^^V in the plane at right angles, that is by breaking up fibre- 
^^P aggregates or even splitting the fibres themselves. Kach of 

^^^ * We arc indebted to MeBare. Bentley and Jaakaon, Bury, LanoHsliire, ^^B 

for tiieae illuBtraliona of the Uarshall engine, of vhicti thef are the sole ^^| 
makers for Europe. ^^| 
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these parts having, moreover, a separate adjiiBtment, the 
work iif the engine may be thrown on the one or the other, 
' according to the requirements of the stuff and of tlio quality 
of the paper to bo made. It is claimed fov this engine that 
it eSects a conaiderable economy in ttie time of beating, in 
addition to tlie advantages resulting from a more uniform 
preparation of the stuff. It must be remembered, however, 
that in paper-making, as in the processes incidental to the 
preparation of textile materials, there are effects which time 
only can produce, and that therefore the refining engine is 
at the best only capable of substituting the work of the ordi- 
nary beating roll within limits. 

In TJmpherston's patent engine great economy of space 
is effect«d by causing the pulp to travel over and under the 




baokfell (a, Pig. 40). Another advanlage is that the etnff 
oiroalatee freely with less water than in tkft otiwiavg Vwro.*, 
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claimed that tlie pulp | 
IB Ighh liable to lodge 1 



thus incnasing its output. 

besteii with Jobs power, anH, as it 

coroers, it ie more evenly beaten. 

The coiiBtruotioii of the engine will he readily iiaderstood 
by reference to Fig. 40. The direclion wbith the stuff takes | 
is indicated by the arrows. 

The quality of the water used to furnish tlje engine ie ». J 
matter of very great Importance, especially in the mannfao- ' 
ture of high-class papers. Above all it should be free from 
suspended matter, and from dissolved iron ; the foriaei' finds 
its way directly into the paper, and tha latter ia liable to 
become precipitated in the pulp as oxide, thns injuriously 
affecting its colour. Careful i-eitling and filtration are suffl- ■ 
cient to eliminate iusobible matier; Boiuhle iiiij^urities are J 
more difficult of removal; ihereforo the water should, i^ 
possible, be free from them. In most mills settling ponds 
are provided for the purpose of removing auspended matter, 
and in addition it is usual to employ woollen filter-bags 
fastened to the nozzle of the pipe that supplies the beater* 1 
with water. 

For methods of purifying water see p. 286. 

Drivinij of Bsaling Engirtes, — Without treating in detaiB 
Ihe question of the transmission of power from the main^ 
engine of the mill, we may note that at this date the n 
approved method is to drive by means of rope pulleys ; 
rope driving being adopted both as between the steam^ 
engine and the shafting supplying the power to the beaterBj ■ 
and also in transmitting power from this shafting to each | 
beater. Cotton ropej are to be preferred; usually a ropel 
is composed of Eve principal strands. Siich an installatioii 1 
is found to transmit power with the least amount of shockB i 
and'strains, and incidental repairs can he carried out at con- J 
venient intervals for shutting down, i.e. with the minimum.J 
of disturbance of tbc mechanical routine of the mill. 
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CHAPTER VIII. 
SIZING, LOADING, COLOURING, ETC. 

We have now to describe various auxiliary preparations 
which are carried out in the beater, each contributing some 
important quality to the finished sheet of paper. 

Excepting in mills where the pulp after bleaching is 
. treated on the press-p&te, the bleached half-stuff as furnished 
to the beater often contains an excess of bleaching com- 
pounds, which can be removed in two ways, viz. by washing 
or by decomposition with an * antichlor.' The first method 
has the advantage of not only removing the bleach, but of 
also eliminating the chloride of calcium, partly existing 
ready formed, and also that resulting from the decomposition 
of the calcium hypochlorite originally present in the bleach. 
On the other hand, this method lake« horae time, and con- 
sumes a large amount of water, which in some mills is a 
matter of considerable importance. Where practised, the 
beaters are provided with one or more drum-washers (see 
Fig. 36). An additional objection to this method lies in 
the fact that a certain quantity of fibre passes through the 
meshes of the wire-cloth covering the washers, and is thus 
lost. 

Tlie more usual plan is to remove the residual bleach by 
decomposing it with an 'antichlor.' A substance frequently 
employed for this purpose is sodium thiosulphate, which, in 
presence of calcium hypochlorite, is oxidised to sodium sul- 
phate, with formation of calcium chloride. Double decom- 
position then takes place between these salts, with formation 
of calcium sulphate and sodium chloride. The reactions 
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which take place may be expressed by the 

tion : — 

2(Ca(010),) + NaAOa + HjO = 2CaS0, + 2H01 4 

Ciitclgra SnIlDni Waler. Catelum Hy 

bypochlorltt, thSabUtpbute- futpbaie. acid. cbtorld?. 

The above decompoaition does not accurately represent 
tlie action of bleiich upon sodinm thiosulphate. If the sola- 
tions employed are hijihly dilute, the decomposition may 
take place in another direction, viz. i — 

Ca(OlO), + 4 Na^SjOj + H,0 = 2 Na.S.Oa + 2 NaCI 

Cilcliim Bodiun^ Wultr. S»^nni Sudlurn 

bypucblorlls. thioiulphau. Iftriibuimle. cblunde. 

+ 2 NaOH 4- CaO. 



At the particular degree of dilution which c 
heater, the bleach is decomposed almost entirely according 
to the first of the equations ; from which, on calculating, it ' 
will be seen that IJ38 parts of sodium thiosulphate are equi- 
valent to 286 parts of calcium hypochlorite. As commercial 
sodium thiosulphate contains 36'3 p.ct. of water, and bluacb- 
ing powder 70 p.ct. of cslcinm hypochlorite, on the basis of 
35 p.ct. available chlorine, it follows that 248 purta of the 
former are required to neutralise 409 parts of the latter. 

Within the last few years other forma of ' antiohlor ' havo 
been introduced, such, fur example, as the various sulphites, | 
The most important of these ia sodium sulphite, which, ii 
its ordinary crystallised form contains 50 p.ct. of the actual ] 
sulphite, as may be calculated from the formula of the salt ' 
Na.jSojTHjO. More concentrated forms are prepared by the 
action of sulphurous acid upon soda ash. It is obvious hIso 
that calcium and magnesium sulphites may be used to replac 
the more expensive sodium salt. 

Sulphites are convened by the iictioii of bleach into 
sulphates, ihua :^ 

CafOCl)j, + 2Na^80j = CaSO^ + ^aJSO^ -f- 2NaCh 
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From this equation it will be seen that 252 parts of 
sodium sulphite will neutralise 143 parts of calcium bypo- 
ohlorite, or 204*3 parts of bleaching powder. Assuming that 
crystallised sodium sulphite contains 60 p.ct* NagSOa, the 
same amount of bleach would require 504 parts. Comparing 
these numbers with those given above for sodium hypo- 
sulphite, it will be seen that 204*5 parts of bleach require 
for neutralisation 129 parts of sodium thiosulphate and 504 
parts of crystallised sodium sulphite, or proportionately less 
of stronger products. 

Sodium sulphite is preferred to sodium thiosulphate by 
most paper-makers, notwithstanding the fact that even in 
its most concentrated form nearly three times as much is 
required to produce a certain result. It is found that when 
it is used the wire- cloth of the machine is preserved for a 
longer time than if sodium thiosulphate is employed. This 
may be due to the fact that with the latter a certain amount 
of free acid is always formed, which of course would act 
injuriously on the wire ; whereas, when sodium sulphite is 
used, the products of decomposition are neutral salts without 
any action upon metals. (See the above equations.) 

Hydrogen peroxide has been used to some extent as an 

* antichlor ' with satisfactory results. The only objection to 
its use is its relatively high cost. 

Whichever variety of * antichlor' is used, an excess should 
be carefully avoided, as all act more or less upon the size 
and colouring matter added to the pulp subsequently. The 
quantity is easily adjusted, either by an actual estimation of 
the * chlorine ' in the pulp and calculating therefrom, or the 

* antichlor' may be added gradually, testing the stuff from 
time to time with the iodide test papers (p. 156). 

Sizing. — If the celluloses, reduced by the beating process 
to the condition of ultimate fibres, or further disintegrated 
by tearing and cutting to 'artificial' units of suitable 
length, are put together into a sheet or web, the product will 
be a ' blotting ' or bibulous paper. Such papers have a well 
known use ; and ' blottings ' are in effect made from cellulose 



pulps with, the additiou of it small proportion of i^tarcb, added 
to the beater in tha form of starch paste, and for the pm'pose 
of adding a certain ' bindiug ' quality to the fibres. Such 
papers, in addition to their absorbent properties for liquide, 
are ' soft,' relatively weak, and alti^gether unsuited to nses 
inTolving mechanical wear and tear. 

Writing papers on the other hand have, as is well known, 
a totally different texture and ■ handle,' and they have a 
oertain water and inlc-resi sting quality : that is, they are 
required to oppose as little resistance as possible to tiie me- 
chanical action of writing, but to resist the penetration of 
the ink in such a way that the ■written characters sink into 
the substance of the paper in the one direction only, i.e. at 
right angles to the surface. 

These properties are in large part etdded by means of 
sizing agents. While we shall consider the eizing process 
from this point of view, it must not be forgotten that the 
texture of the paper is an important factor, and that this is 
influenced by everything which tends to ' close ' the sheet : 
for instance, the mineral loading agenis (to be dealt with in 
the next section^ have the effect of filling up the interspaces 
between the fibres : or the effect miiy be produced by suit- 
able beating of the pulp. Thus, though the ' sizing ' of paper 
may appear to be a simple process of adding substances of 
certain water-resisting quality, which (juality they commu- 
nicate to the paper, the experienced paper-maker recognises 
it as a really complicated result, influenced by a great num- 
ber of factors. This is more particularly the case with the 
pulp or engine-sizing processes — which, in the sequence of 
treatments will be considered here. The alternative method 
of sizing the finished sheet or web, ' tub-siziug,' as it is 
called, is a simpler process wliich iu the case of machine- 
made papers is carried out on the papoi-machine, and will be 
dealt with in that connectiuu. 

Engine sizing. (Kosin-alum-sizing) — For the specific 
water- or ink-resisting quality specially required in writing 
' snd wrapping papeis, we are practically limited to rosin or 
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colophony. This well-known substance is the residue from 
turpentine distillation. It consists of an acid body, abietic 
acid (C44H64O6), or rather of its anhydride (C44H62O4). By 
virtue of its acid character and the solubility of the Eodium 
salt (C44H6205Na2) of the acid, rosin is rapidly dissolved on 
heating with solutions of the alkalis, e.g. carbonate of soda, 
caustic soda. The solution of the rosin- soap is similar in 
properties to solutions of the ordinary soaps, which are soda 
compounds of the higher fatty acids, and in fact the simi- 
larity of properties is such that mixtures of fat and resin 
acids, the latter in large proportion, are the basis of the 
* yellow ' soaps of commerce, which, outside the slight differ- 
ence in colour and smell, are not distinguishable from fatty 
acid soaps. 

The reaction between abietic acid and carbonate of soda, 
with expulsion of carbonic acid (gas), may be formulated as 
follows : — 

^44^6405 + Na^COg = C,,H6206» Na^ + CO^ -f H^O ; 

[672] [106] [Beilstein] 

that is, 100 parts of the pure acid require 15*7 of the pure 
carbonate to form, with the sodium oxide which it contains, 
the * neutral ' resinate. Commercial rosin being a mixture, 
and containing other acids which require more soda per unit, 
and, on the other hand, hydrocarbons and some other com- 
pounds devoid of acid properties, the ' equivalent ' of &oda 
(carbonate) will vary from 15 to 18 p.ct. with various rosins. 
The equivalent is readily determined for any sample by 
warming with excess of a standard solution of caustic soda 
in alcohol till completely dissolved, and titrating the excess 
of soda with a standard alcoholic acid in presence of phenol 
phtalein, as indicated (see p. 282.) 

To make the neutral rosin size on the large scale, the cal- 
culated quantity of soda ash is dissolved in about twelve 
times its weight of water, heated ]>referably in a jacketed 
pan : the rosin, previously crushed, is gradually added to 
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abcmt six time* the weight of the ash, and the bfaling con- 
tinned 3-4 hours until a perfect solutiun resulta. 

The frothing ilue to the escape of large quantitiea of car- 
honio acid is controlled by the form of the boiling veHael, and 
by limiting the ateam jacket to the lower portion, bo that the , 
sides are not huperhcated. 

The boiling being finisheil, the strong 'size' is run off ' 
into iron tanks, where in cooling and standing a separation 
of the ' pure ' soda-resinate takes place as a Kemi-solid mass 
Burroundtd by a dark coloured liquor, which is a solution of | 
vatiuus by-products. 

Ill ihe older practice of size-making this solution was , 
drained away and the size again boiled up with water, 
cooling a further separation of coloured products takes place, 
with a ootiaequent lutther puriiication of the 'si/c' Thes 
operations requiiing considerable liiae, it was customary to , 
boil the supply of size many days in advance, the interval i 
being reqnired for the series of cleansing operations. The ] 
quantity of this size per 100 lbs. paper is that repi-esentin 
3-4 ll)s. of the original rosin. 

In later practice, however, a rosin size is largely used, J 
differing from the above in containing 15 to 26 p.ct. of rosi 
over and above the 'equivalent' of the sodii, the excess i 
rosin being dissolved in the strong size in the free or uncon 
Vined state. For an acid size of this composition, finishin 
with 26 p.ct. of ' free rosin,' the following formula is given by 
C. i.'cudle; — 170 lbs. soda ash in 200 gallons of water are 
lioilud with gradual addition of 1300 Ih. rosin ; the boiling , 
' 'is coiitiniioil 7 hours, and the volume finally made up to , 
ii2b gallons. The acid size on dilution gives a milky liquid, 
due to HiiKpcnKioii of the ' free ' rosin in a finely divided con- 
dition. Mole care is required in diluting the Nize prepara- 
tory to adding to ihe btater, since with undissolved rosin | 
there is a danger of ai^^^lonieration to particles of such dimen- 
sions as would cauKC rosin-Kpecks in the paper. The danger l 
Is lessened by adding stiirch to the diluting water. The fol- 
lowing working formula is ^iven by Wnrster (infra) : — In a \ 
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suital»le vessel water is heated to 60° C. A quantity of 
starch calculated to 15-20 p.ct. of the rosin in the size to be 
diluted, is stirred with warm water to a cream and added to 
the vessel, which is then heated to 80^ until the starch is 
entirely 'dissolved.' The temperature is lowered to oO-GO° 
by adding water, and the strong size is then stirred in. 
Finally the temperature is gradually raised to 65°. The 
extent of dilution has a considerable effect on the efficiency 
of the size. Wurster recommends a 3 p.ct. limit, i.e. 3 lbs. 
rosin per 10 gallons size. 

The quantity of the acid size usually required is that 
representing 2--3 lb. of the original rosin per 100 lb. 
paper. 

The sizing operation consists, first, in adding the size, 
prepared by either of the above methods, to the pulp m the 
beater, passing it through a fine sieve or a coarse cloth filter- 
bag. It is usually added when the pulp is one-half or two- 
thirds beaten. But following the addition of the size is a 
second operation by which the decomposition of the soda- 
resinate is determined, or perhaps rather completed, and the 
resin acids fijced upon the pulp in the insoluble condition. 
The reagent used for this purpose, almost universally, is 
alum or sulphate of alumina. In elucidating this reaction 
we must consider some of the properties of the alkali salts 
of the resin and fatty acids. These salts are easily decom- 
posed by the weak acids, even carbonic add, the action of 
which, expressed by the equation 

CO2 + H2O + C,,H6206. Na^ = Na^COa + C44H64O5, 

is the exact reverse of that formulated on p. 185, and it 
takes place in dilute solution at the ordinary temperature. 
We note also that 44 parts of carbonic acid (CO2) set free 
682 parts of the resin acid. Other acids act similarly, and 
in proportion to their equivalents. Such acids, when com- 
bined with metallic bases, also pass over to the soda of the 
resinate when the two salts are brought together in aqueous 
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KfloluttOD, with simultitneous formatiun of the resinate of the 
\ metallio base. Thne, with calcium Baits, 

OaClj + Najl = Oft . II + 2 NaCl ; 



'I'hnan reactions are all of practical sigiiificanoe : (1) , 
because nearly all natural waters contain carbonic acid, and j 
many contain the snlgihate <if lime ; and (2) calcium chloride ] 
is contributed to the pulp by the bleaching solution, and ift ] 
present in the beater, less or more, according to the degre 
of washing of the pulp after bleaching. These resiiiates | 
are curdy insoluble precipitates. Sulphate or aliintina reacts J 
according to the e(iuation — ■ 

3 . KajR + Alj ■ 3S0j = 3NajS0, + Al^Rj ; 

i.e. for 3 mol. abietic acid (= 2016) in a neutral »he, 
require 342-8 of tlie sidphafe; or in terms of alum, which J 
contains 36'1 p.ct. sulphate of alumina, 5>49 parte. In th»'| 
acid sizes, the proportion cf soda being let-B, and in the sul- 
phates of alumina of commerce, thf proportion of Al^SSO, 
varying from 40 to 60 p.ct., it ii* necessary in every mill to 
construct a table of 'alum' equivalents for the size, accord- 
ing to the composition of each. Thus, as an esaiuple. the 
size is made with 16 p.ct. Boda ash per 100 lbs. rosin, and ■ 
the sulphate of alumina to be used contains 50 p.ct. A1^3S0i. 
The 'ulnm equivalent' per 100 lbs. rosin is 



342-8 
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or 0'23 sulphate per I lb. rosin. 

As a matter of fact, however, the quantity used 
practice is much in excess of this proportion — usually abontV 
three times, but often very much more. This ' optin 
proportion has been delermined rather by experience thi 
by quantitative calculations baaed upon scientific gronndi 
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In 1878, C. Wurster published a treatise on the Rosin- Alum 
Sizing Process,* which may be regarded as the first attempt 
to reduce the process to a scientific or exact basis. Wurster 
combats the then current view that the actual sizing agent 
is a resinate of alumina formed as above represented. It 
appears that ordinary engine-sized papers treated with ether 
and other solvents of the regin acids, entirely lose their 
water-resisting quality, losing in weight from 2 to 5 p.ct. ; 
these dissolved sizing components are isolated by evapora- 
tion of the solvent, and found to be almost entirely composed 
of the free rosin acids. This observation is also confirmed 
by determining the alumina in the paper before and after 
extraction ; which is found to be but slightly affected. On 
these results Wurster concludes that the free rosin acids are 
the effective sizing agents, and hence his advocacy of the 
acid sizes with a maximum proportion of free or uncombined 
rosin ; hence also the function of the excess of alum, i.e. to 
decompose the neutral resinate of alumina with liberation 
of the free acid, thus : — 

AI2R3 + 2(Al2 S0,)3 4- 3 H2O = 3 R . H2 + Al2(Al203) 3 (SO,). 

Free Resin Acid. Biisic Sulphate of Alumina. 

These views require complementing by a careful considera- 
tion of the chemical function of the cellulose itself. It is 
well known that cellulose takes up alumina from solutions 
of the sulphate and chloride; still more easily frt>m the 
acetate. It is therefore more than probable that cellu- 
lose would decompose the neutral resinate by combining 
with the alumina. It must also be borne in mind that 
cellulose contains OH-groups of basic function, and that 
these would combine simultaneously with the rosin acids; 
nor is this view negatived by the fact that ether and other 
fiolvents dissolve away the rosin acids from the finished 
paper. 

On the whole, therefore, it is to be recommended that 

* <Le Collage des Papiers,' Bull. Soc. Ind. Mulhonse, 1878, pp. 726-801. 
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all these contributing faotors abuuld bo borne in mind; 

(1) the consumption of alam by the basic coiiBtituents of J 
the eelluloHe hall'-stolT and of the ■water used ii 

(2) the calculated proportion referred to the soda u>ed ii 
the particular type of rosin size adopted ; (3) the proportioi 
required by the cellulose itself. For a further disuussion o 
Ihis somewhat complicated prablein, see 'Society of Art« ' 
Journal' (Cantor Lectures), Feb. 22, 1897. 

Aiixiliari/ Sixin'j Agents. ~Vnd&r this heading we may i 
mention certain oelluidal substances which are or tuay ba 
used in the engine-sizing process, chiefly fur the purpose 
of closing and corapacting the web of fibres. Two of tlieae 
we have already had occasion to introduce to notice, 
Staych and Alumina. 

Starch is used by many makers in large proportion, j 
especially in papers heavily ' loaded ' witVi china clay (p. 200). 
It is liometimes added in the form of transparent starch I 
paste, prepared by swelling and dissolving the starch at ' 
80-90°; it is a common practice also to boil the clay wilh 
its cumpleuieut of starcli. In many mills, again, the starch 
is added in the raw or unswolleii state, the granules b 
imprisoned in the network of fibres, and are swollen and 
burst under the heat of the drying cylinders. 

AlnmiTia is [irecipitatcd as a gelatinous hydrate by the 
interaction of the soda of the rosin size with snlphate of i 
aluniina. Passinj; through the intiT mediate form of 're 
Date,' it is no douht finally fised as the oxide, and aids 
cementing the tilirea together and filling tlie interspaces. 
Both the alumina and starch aUo aid in keeping the i 
acids in the state of minute subdivision during the beating i 
and making jn'iice>ses. 

CelluUite Hydrates (' Viscose ' Siiing).~Iii the earlier part 
of this work attention has been called to the specific charao- 
teriatics of thi- celluloses of parenchymatous or ' celliilai 
dislingnished from fibrous tit-sue. Under chemical treatment 
these are gelatinised to bydrated forms wliich retain a rela- 
tively large percentage of water. Such furms of cellulose no 
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doubt play an important part in paper-making. Certainly 
the special characteristics of straw cellulose are largely due 
to the presence of such * cellular ' celluloses, and also to the 
general capacity for hydration of its constituent celluloses. 
The various solutions of cellulose dealt with in Chapter I. 
would appear to be available for a similar purpose, but for 
practical use they are mostly precluded by cost of produc- 
tion. 

The sulpho-carbonates, however, being prepared at rela- 
tively low cost, and readily decomposed with regeneration of 
a normal cellulose endowed with powerful cementing proper- 
ties, are successfully used in engine sizing. The solution, 
which goes by the name of * viscose,' is added to the beater 
in the earlier stages of the beating, and when thoroughly 
mixed the decomposing salt is added. The salts best adapted 
to this purpose are the sulphates of zinc and magnesium, the 
proportion required being calculated to the equivalent of the 
soda present in the viscose. Thus, as an example, the wood 
celluloses are converted into ' viscose ' with a proportion of 
canstic soda (NaOH) equal to 40 p.ct. of the weight of the 
cellulose. The molecular weight of NaOH being 40, and its 
equivalent of the salts being respectively 



and 



ZnSO,>7H,0 = 287 .^ ,^3.^ 

MgSO,>7H,0 = 246 .^^^3. 
2 



each lb. of dissolved cellulose will lequire nearly IJ lb. of 
the zinc and 1^^ lb. of the magnesium salt. 

The decomposition of the viscose has the effect of coating 
the fibres with a film of gelatinous cellulose, which exerts a 
powerful cementing action in the subsequent processes of 
making and drying, the effects reaching a maximum when 
the paper is * loft dried,* i.e. dried in the air without heat. 
By viscose sizing the contents of the beater are still left 
in the basic condition, and it is necessary to add ^Voasl Vsv 




to 5 p-ct.^^1 



•l^t exoeam in order to Oicilitaic the working 
'I'be quanlily ■'f vixcwse osed u lUOfiUy from 1 
{calctiUt«<l uB dianulved cellulose) of the weight < <f the paper. 
The efiai-'W produced are a coneideralile increase of tensile 
Htrengtb and rt.iiistaoco to the action of water, though the 
■irjiif^ in the latter respect in nut of the character of roein 
Hiding, To prodoce the quality of reBistance to peiietratina 
by watr^ Hnd ink lite addition <jf rusin is necesBury. It is 
foand, however, that very much less of the Uttier is required, 
viit. fruni J to J^ the usual quantity, or 1 to 2 p.ct. on the 
paper. Thtae advantages of the viscose- or celiuIose-siKing 
■ro rcaliHed at only a small additional cost to that of the 

. ordioary pluii ; hnt certain disadvantages have to be leckoned 
with, reeuliing from the introduction of alkaline Bulpbur 

I oompoituds into the l>eater. These, by interaction with the< 

I fibre couMtituents, and also by action upon iron compoundB 
unavoidably jiresent, cause a certain lowering of colour ; and 

I although the Hulgibur introdoced lit for the luost part elimi- 
nated (hh '-^Sj) by the apecial action of the decomposing xalts, 
»nd the alkalinity is of course easily neutmlised by alui 
there is u iLsiduai pennanent discoloration sufficiently marked 
til prevent the procesa being used in the ordinary production 
of white jiapars. 

Alaminale of Soda hoe been need to a certain extent as a 
fliziug agent in conjunction with the rosin-soap. Hydratedi 
sliimina dissolves in caustic soda by virtne of its acid- 
function — u characreriacio which it ia important to bear 
mind in considering the probable chemical condition of the 
oxide in the finished paper. The alumina is precipitated 
from its alkaline solution by the weakest acids, e.^. carbi>nia 
acid — and iherePore a a/orliori by alum itself. It has been 
proposed to use the aluniinate of soda as the solvent for the 
rosin ; but it is difficult to see any advantage resulting from 
the practice. 

The addition of hydmted alumina to the neutral rosin 
aize, during the later stages of the boiling, ia rather to be 
reoc mm ended. 



I 
i 
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Silicate of Soda, — Silica, or SiOg, is a solid body of weekly 

acid properties which is precipitated from solutions of its 

' alkaline salts on the addition of acids and acid salts. It takes 

' the form of a gelatinous hydrate which, when fbrmed in the 

t3eatel', enables the pulp to carry more water in the machine, 

'and produces a hardening effect on the paper. In using this 

compound the more *acid' silicates should be sei^ct^d, e.g. 

the silicates of formula Na20.2Si02, NagO.SSiOg. 

Oelatin is little used in engine sizing. Used in this way 
it fails to give results proportional to cost. Its compound 
with the sulphonated lignone derivatives, the by-products of 
the bisulphite processes, has been already mentioned. It is 
Soluble in weak alkaline solutions, in which form it is added 
to the beater, and on being decomposed with the equivalent 
of alum is reprecipitated as a tough caoutchouc-like mass, 
•which, as a coating upon the fibres, produces a considerable 
toughening effect upon the paper. 

Casein, — This albuminoid substance, obtained from milk — 
of which it constitutes nearly 5 p.ct. by weight — is largely 
used as a sizing agent in the coating of papers. Its use in 
the engine depends upon the fact that it can be added in the 
•form of a strong solution, from which it is completely pre- 
cipitated by alum. It imparts toughness and a good * handle ' 
to the finished paper. Its use is limited by cost, which at 
present rates is between 4d. and 5d. per lb., a cost consider- 
ably above the selling price of the bulk of ordinary papers. 

Particulars of Materials used in Sizing. 

The following are the more important points which 
determine the value of the materials, their preferential selec- 
tion, mode of use, etc. 

Soda (carbonate) occurs commercially in various forms : — 

Crystal Soda (NaaCOglOHaO) is the ordinary 'washing 

106 180 

soda.' The crystalline form is a guarantee of purity. From 
the formula it is seen to contain — - x 100 = 37 p.ct. only 
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It is thei0« 
rniliinpd. tnunv ■ 



of the carbonate, the remainder being water, 
fore a relatively costly form of soda to 

Crystal Monokydrai-. (NajCOa . H^O) waa introduced many 
years ago by MeBsra. Gaskell, Deacon & Co. It has one 
point of advantage over the anhydrous carbonate or suda 
aah, -via. that it dissolvea readily without tending to aggre- 
gate to lumps. 

Soda Ash (Na^COj, anhydrous and nearly pure).^ Before 
the introduction of the Solvay process and the so-called 
' ammonia ' soda, soda ash was an impure form of the car- 
bonate. The degree of impurity was such that the percent- 
age of carbonate in the ordinary furniB varied from 83 to 90. 
Such products were objectionable for use in the making of 
size. Kow, however, we have in the aforesaid 'ammonia' 
soda a remarkably pure product, the percentage of carbonate 
amounting to 97-98. This answers all requirements for 
size making. 

Solwlions of Sodium Carbonate. 



F SomCM rxKBllNATE, 



At60°F.= 15° C. 



JlegiMt 


PensobigE bj WeJgbt. 


Deg™. 


pRceaUgB by Weight 


Tvul. 




TKBd. 




l'' = OUM 






l'' = 0«lli 






^.Gr. 


Ma,0. 
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Alum : Sulphate of Alumina, — The basis of the alams id 
the normal aluminium sulphate AI23SO4; the pure sulphate is 
acid to litmus. 

Solutions 'of Aluminic Sulphate,* — The solubility of the 
anhydrous sulphate (AI2.3.SO4) in water has been deter- 
mined as follows ; — 

Temperature 0** 0. 0® 10° 20® 30<* 46® 60® 

^^fTvs^sS ^^^r^!^} ^^'^ ^^'^ ^^'^ ^^'* *^"^ ^^'^ 

The following are the specific gravities at 15° of solutiona 
of varying concentration : — 

Percent. Alj. 3. SO4 .. 5 10 15 20 25 

Specific gravity .. .. 1-0569 1'1071 1-1574 1-2074 1-2572 

Crystal Alum (Alg . K2 . 4SO4 + 24H2O) is a double salt, 
of aluminium and potassium sulphates, the latter being inert 
and serving only for procuring a ready crystallisation of the 
sulphate of alumina. Of this, the 'active' sulphate, the 
double salt contains 36-1 p.ct. The double salt may be 
regarded as a pure but diluted form of sulphate of alumina. 
It is still used in certain mills, but is for the most part 
superseded by the * alum cakes.' 

The following is a table of strengths of alum solution, 
at 1 7° 0. :— 

Percentage of 

Al2K2CS04)4.24H20. 

1 
2 
3 
4 
5 
tj 

Alum Cakes, — Many years ago an aluminous cake or 
* concentrated alum ' was introduced into the English paper 
made by Messrs. Pochin. Such products have now almost 
entirely displaced the crystal alums. They are made by 
the action of sulphuric acid upon bauxite or iron-free clays. 

* Die. Chem. Sol., A. M. Coney. London, 1896, Macmillan. 
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The subjoined aual^ses of commercial products show tbfS 
standard of purity which fhey now maintain : — ■ 



Aliimina (A1,0,1 .. 
Fecria oxide iFbjOj) 
Snlplmiio acid (SO,) 
Frto aulphuric aoid . 
LimG(CaO) .. .. 
Water 



70 14-95 H-85 1600 i(! 
■05 traoa nil tia 
36-00 31-94 3S'0O 38-00 J 



90 'g2 g9'66 



These forms of the sulphate of alumina have this advai 
■tage over the crystal alums: (1) in 'concentration 
centage contents of the sulphate; and (2) in being mm 
more readily soluble in water; the sulphate, in fact, 
soluble in twice its weight of cold water, whereas potasl 
alum requires 18 parts for complete solution. 

In addition to the purer forma of the sulphate there are 
a number of products in the market containing more or 
less of insoluble matters, representing residues of the original 
or aluminous mineral not attacked by the sulphuric acid. 

The amount of alum or sulphate of alumina added to a 
pulp IS largely in excess of the quantity necessary to pre- 
cipitnte the rosin soap ; as a matter of fact, in the case of 
esparto or straw pulps, for the bleaching of which considerable 
■quantities of bleach have been employed, and which therefore 
contain a certain amount of baaic lime, together with calcium 
chloride, complete precipitation of the size is effected without 
the addition of alum. A certain amount is also required to 
precipitate the starch. The excess of alum appeal a to he 
necessary, however, not only to brighten the colour of the 
paper, but also to render it capable of resisting the action of 
ink. From experimentB made by the authors, it appears 
that one part of rosin requires 2 ■ 9 parts of alum for complete 
precipitation from its solution in soda. One part of stan' 
requires 0-40 part alum. 

Mineral Filling and Loading Agents.— It is usm 
except in the case of papers of the very highest quality 
add to the pulp a quantity of some relatively cheap mine 
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loading material, such as chiiia clay, or for certain qualities 
of paper,.* pearl-hardening,' or sulphate of lime. . The addi- 
tion of clay in moderate quantity can hardly be looked upon 
as an adulteration, since it serves to fill up the pores of the 
paper, thus giving a sheet of closer texture, with a smoother 
surface and more absorbent of printer's ink, and also enables 
it to take an improved surface in the subsequent operations of 
calendering. It also adds to the opacity of the paper — a 
very important point in book papers. Moreover, it enables 
the manufacturer to meet the demand for cheap papers with 
some chance of remuneration to himself. If added, largely, 
it of course tends to weaken the paper. 

China clay, or kaolin, is sold in the form of large lumps 
of a white or yellowish- white colour. It is formed by the 
gradual disintegration of felspar under the action of air and 
water, and consists essentially of a silicate of aluminium. 
Its quality depends npon its whiteness, and its freedom 
from the coanser micaceous particles. It is usually pre- 
pared for admixture with the pulp by making it into a 
fine cream with water in a vessel provided with stirrers ; it- 
is then passed through a fine sieve in order to remove any 
impurities it may contain, and is then run into the beater. 
The clay or other filling material is usually run into the 
beater as soon as the latter is charged with pulp, so that hy 
the time the beating operation is concluded a perfect ad 
mixture of pulp and clay is effected. 

Sulphate of lime, or * pearl-hardening/ is usually' suf-- 
ficiently pure to put direct into the engine. It is made by 
decomposing a solution of calcium chloiide with sulphate of 
soda, and is precipitated as a fine brilliantly white powder 
consisting of CaS04 + 2H2O. 

Two distinct forms of precipitated calcium sulphate are 
met with in commerce, differing from each other by their 
microscopical features, the one consisting of flat tabular crys- 
tals (Fig. 42), the other of fine needles (Fig. 43). ' Another 
form, erroneously called 'precipitated pearl-hardening,' i^, 
also sold: it consists of the finely ground native \scL\\ij^X"^^ 
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The use of these sulphates is attended by the disadvan- 
tage of their solubility in water — which occasions loss on 



Fio. 41. 




Fig. 42. 




the machine. This is, of course, minimised in lung runs 
on the machine, when the * back water ' becomes saturated 
with the sulphate. 
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Some of the finer qualities of paper are made without 
addition of any loading material whatever, though such 




Fig. 43. 




Fig. 44. 



papers are of course the exception. The proportion of clay 
or other material that can be retained by a fibre depends to 
a certain extent upon the nature of the fibre, and u^n t\iftk 
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degi-ee of finoneBs to which it isTeduccd in the beater. 




s conflideniUy, from 
s to 30'p.ot, 
ng a certain fibrous 
ntioduced, posaessing 
Di' calcium sulphate. 



amount added by different makers 
2 or 3 p.ct. to 20, and even in rare cast 

Other mineral filling agents hav. 
character have been from time to time 
certain advantagoe over china clay 

Agalite ie a mineial of the nature and chemical properties of 
aabestoH : it consists of ueavly pure magnesium silicate. Its 
atructure is more or less fihruue, like that of asbctjtoa, which, 
as is well knoivn.'can be spun and woven and eveii made into 
paper, and therefoie, when added to a paper, it forma a piirt 
of the fftbri(< itself. It is even claimed that it; assists in 
ieeping back some of the finer fibres that invarinbly find 
their way through the moahes of the wire-cloth, atid it is said 
that 90 p.ct. of the amount added to the engine is found in 
the paper. In the case pf china clay it is wfeU known that 
only from 40 to 60 p.ct. is ofti-n actually ' carried ' by the 
pulp. Pigs. 41j 42, 43 and 44 sliow the appearance of china 
clay, pearl'hacdening and agalito when viewed under the 
microscope, magnified 200 times. The nature of agalite is 
such that it assists the paper in taking H high finish. This 
is probably due to its 'feoapy' nature, a feature which is 
characteristic of asbentos, French chalk, 'soap-stone,' and 
other magnesium silicates. 

The following analysis of china clays may be cited : — 



(Jalcium .. 


l)-27 1- 

0-3tl I- 

0-44 0' 
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When writing papers contain sucli excessive quantities as 
15 or 20 p.ct. of clay, it cannot be to the advantage of the 
consumer, and should be looked upon as an adulteration. 

Analytical Determination of Loading. 

.,..■' ^ __, ■ -i 

It is a matter of some importance to be able to determine 

rapidly and accurately the amount of mineral matter in a 

paper. The usual method is to ignite a weighed quantity of 

the paper in a platinum crucible until the ash so obtained is 

either white or a very pale grey. From the weight of the. 

ash, the percentage of mineral matter is easily calculated. 

In certain cases it may be necessary to take into account 
both the normal ash of the paper and that due to other added 
mineral matter. This requires an analytical investigation 
of the total ash obtained, and a careful interpretation of the 
results. We can only note here that the processes of treat- 
ment add chiefly lime salts, which are obtained in the ash 
mainly in the form of carbonate. 

The ignition may be performed in an open platinum dieh, 
and to hasten the complete combustion of the carbonaceous 
residues the dish should be covered with a piece of platinum 
foil, bent in the middle to allow free access of air. 

A cage of platinum gauze or a closely wound spiral of 
platinum wire is sometimes substituted for the dish or 
crucible. 

The weighings maybe performed upon.au}'^ balance of 
sufficient delicacy for the degree of accuracy required. A 
spiral balance of the form devised by Joly, and fully described 
in the First Edition of this book, is a convenient instrupaeut 
fur rapid work. 

In brown and coloured papers various coloured mineral 
hading agents are used ; thus the ochres, which are chiefly 
oxides of iron, chrome yellowsj chiefly chromate. pf lead. 

tfltramarine in heavy blue papers is used in sufficient 
quantity to have a certain ' tilling ' effect. 

These substances or their products of decomposition are 
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^^H obtained in the asb. If clays or other loading agents are 
^^H ako present, the proportion of pigment-loading may be 
^^H approximately estimated by separating ita characteristic 
^^^P 'Constituent by snituble analytical treatment of the ash. 
^^V If the paper contains calcium sulphate, the ash obtained 

^^^ may consist partly of calcium sulphide, due to reducing 
action of the carbon found on ignition, and the amount will 
therefore not represent the true amount added. The ash 
I should be mi>i8tened with a few drops of sulphui 

again ignited, in order to reconvert it into calcium sulphate. 

It shouhl also bo borne in mind that the sulphate of lime a 

I present in the paper is combined with two atoms of water 

I CaSOj-|-2H50, and therefore that every part i 

I Bulphate obtained represents 1 -26 partu of ' pearl-bar dening ' 

I actually in the paper. 

^^1 Cohnring. — The colouring of paper in the paper-mill is 

^^H effected by the addition of pigments or solutions of dyestuffs 
^^V to the pulp in the beater. Colouring with pigments i 
^^^ course, a purely mechanical operation. At the same time it 
[ mast be remembered that many of the paper-makers' pigments 

are reactive chemical compounds, and when acted upon by 
substances present in the beater, e.g. rusin-size and alum, 
I niay be destroyed or modified, with attendant lose of colour 

tor alteration of shade. Attention must be paid, therefore 
to the chemical composition of pigments, in order that their 
full colouring power may be realised and permanently 
retained in the paper. The eoluble dyes are for the most 
part artificial products of well-defined chemical constitu- 
tion. An intelligent application of these products by the 
paper-maker presupposes an intimate knowledge of the 
general principles of the dyer's art. We may note, however, 
at this point, that the makers of coloured [ 
paratively few ; whereas, on the other hand, there arc few 
papers made which do not receive some addition of colouring 
matter. Thus all bleached pulps retain a residual yellow 
tint more or less pronounced, and for white papers the 
yellow requires to be ' neutralised ' or ' cori-octed ' by the 
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addition of blue and red, producing a 'neutral' or dyed 
white In effect these dyed whites are greys, but the balance 
or neutralisation of colour produces an illusive impression of 
whitenesji. In view of their more general importance we 
shall deal first with colouring matters and methods used in 
producing these dyed whites. 

1. The following are the more important colouring 
matters : — 

Blues. — Ultramarines of various shades, tending on the one 
side to red, on the other to green tones ot blue. The modem 
ultramarines are artificial products consisting essentially of 
silica, alumina, soda and sulphur, and are prepared by fusing 
together mixtures of raw materials furnishing these com- 
ponents. The coloured body itself may be regarded as a 
sodio-aluminic silicate, united either with a polysulphide of 
sodium or with a polysulphide and polythionate. These 
relationships are expressed by the following formula : — 

2AI2O3 : aSiOa : AI2O3 ; 4Si02 : ^SL^Sfi^ : SS&^S. 

The compound is attacked by the minernl acids, hydrogen 
sulphide being liberated; it is also rapidly attacked by 
chlorine and oxides of chloi-ine. The decomposition is 
synonymous with destruction of colour. • 

SmalU, — This is a pure blue pigment obtained by reducing 
a cobalt-glass to the finest state of division. The glass is 
essentially a potassio-cobaltous silicate, 

KgO-CoO-eSiOa, 

with varying proportions of alumina and iron oxide as 
incidental impurities. The deep-coloured varieties contain 
6-7 p.ct. CoO; 70-72 p.ct. SiOj ; 17-21 KgO (with NagO). 
This pigment is extremely permanent and resistant to 
chemical action. On account of its high price it is used 
only in papers of the highest quality. 

Soluble Dye-Stuffs, — The blues and violets used in tinting 
for whites are chiefly 'aniline' derivatives. The ^soluble 
blues* are the snlphonic acids of phenylated rosanilines. The 
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' mefhyl violets ' are methylated rosanilines. The induUiie olaes 
of bines are greyish blues of various tones, obtained as bj- 
produots inthe manufacture of Tosaniline. They arc oxidation 
produots of aniline. This group includes the nigrosines, 
Blackley blue, etc. 

Methylene Blue is a useful fast blue, of pure tone, and is 
obtained from dime thy 1-paraplienylene-diamine by the action 
of sulphides and subsequent oxidation, It contains sulphur 
as an essential component. 

I Beds, of the pigment or lake class, are seldom used in 

I tinting for whites. 

' Soluble Bye- Slvffs.— Of theme, one of the most important is 
the colouring matter of the cochineal insect, 
product 8 dye liquor may be prepared, either by exhaustion 
with boiling water or by long steeping of the material with. 
sti'ong aqueous ammoni^i in a closed vessel. The latter is 
the more convenient method. After steeping, ihe mass is, 
thrown on to a conical flannel bag, which is then suspended 
in a vessel of water. By diffusion, followed by squeezing 
and waghing, the exhaustion of the colour is completed, 
5 lbs. of material treated in this way will make 10 gallons 
of ' cochineal liquor ' of ordinary working strength. 

Of the coal-far dyes, the paper-makur uses (1) of the 
roeaniline group, the various magentas ; (2) the safranlnes 
which are poly-aniline derivations; {3) azo-dyes, derived 
from benzidine, especially benzo-purp urine; and (4) the, 
cosines, which differ essentially ft-oni the three preceding 
gnmps in containing no nitrogen : they are derivatives of 
the cOal-tar phenol resurcin, and not of nitrogenous bases. ■ 

Applicalione. — The use of the above colouring matters in. 
white paperii involves, for obvious reasons, very small propor- 
tions. Of the blue pigments an average proportion is O'l 
p.ct. of the weight of the ' furnish ' ; of cochineal "01-0 '02 
p.ct., calculated as original cochineal per 100 lbs, furnish. 
The ooal'tar dyes, having greater tinctorial power, are used 
in still less proportion. There are no general rules which 
oun be laid down as to the stage in the beating pi-ooefiS' 
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"when the colour should be added. Where, however, the 
colouring matter is not aflfected by the rosin size, it is better 
to add it while the contents of the beater are alkaline from 
its addition. The soluble dyes should not be added in the 
form of the ordinary stock solution, which may contain from 
2 to 5 p.ct. of the dissolved dye stuff. This should be diluted 
considerably before adding to the 1 eater, and well distributed 
in adding it. 

2. Coloured paper 8 f &s distinguished from whites — which 
are dyed whites— and self-coloured papers are produced with 
larger proportions of colouring matters. To those used in 
tinting for whites we have to add other blues, and reds, and 
also those giving yellows and browns, and also greens. The 
. following are the more important : — 

Prussian blues of various grades. These are the ferroso- 
ferrio ferrocyanides formed by decomposing a mixture of 
ferrous and ferric salt in solution, with a soluble ferro- 
cyanide. These blues are sold in paste form, under various 
trade names. They are recognised by being at once de- 
colorised by the caustic alkalis, the basic iron oxide being 
left as a brown residue. 

These blues are often formed by biinging together the 
above-mentioned salts in the beater, i.e. a mixture of ferrous 
and ferric sulphates (copperas and * red iron liquor *) added 
first and followed by the equivalent quantity of potassium 
ferrocyanide (yellow prussiate). Dyeing with prussian 
blue in this way is carried out after the sizing operations are 
complete. It may be noted here that all paper * fumibhes ' 
contain iron compounds as an impurity, in greater or less 
degree, and in some cases this is taken advantage of for con- 
version into the blue ferrocyanides by addition of the potas- 
sium salts tQ the beater in correspondingly small proportion. 
Logwood. — The aqueous decoction, or the concentrated 
. extracts sold in the trade, are used in producing the darker 
shades of blue, usually in admixture with Prussian blue • 
also for a larger number of heavy mixed shades and for 
blacks. 
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Alizarin (madder), — This moat important red dye ia not 
used directly in colouring pnpers. It occurs in the form of ^ 
pigmontB or insoluble lakes, which are compounds of the 
colouring matter with alumina, etc. 

Alizarin printed cottons and 'Turkey red' rags may be 
beaten after the alkali treatoLeut to a coloured pulp. 

Iron oxide pigmeuls cover a wide range of gradations of 
colour from the reds {rouge) to browns {the brown ochres), 
and from these to the yellows of the ' yoUaw ochres,' 

YeltoKi. — Of the pigment claas the must imporfant is the 
brilliant chroraate of lead. This is usuallj' formed in the 
beater by the interaction of lead acetate and the alkaline 
biohromateu. 

Of coal-tar dyes the more important yellows are Auramine, 
a basic dye-stuff, a derivation of dimethyl-aniline ; naphthol 
yellow, which is the alkali silt of di-nitro-naphthalene; 
primiUine, a sulphur-containing derivative of toludine ; and a 
large number of azo and amido-azo derivatives, such as the 
tropaeoline, ch ry so i dines. 

Greens. — The mineral green pigments are but little used 
by the paper-maker. Mixtures of blue and yellow pigments, 
e.g. Prussian blue aad lead chromate, are however employed. 
The more important coal-tar dyes are malachite green, a 
derivative of rosaniline, and ' acid ' greens, which are the 
aulphonic acids of the group of the ' malai/hite ' or benzal- 
dehyde greens. 

Broiena. — In dyed browns the paper-maker uses a number 
of pigments of the iron oxide group. 

Of soluble dye-stuffs an inaportant group is furnished by 
the ' natural ' astringents, or tannin derivatives, e.g. catechu 
and gambir. Tlie catechu liquor is prepared by boiling the 
finely powdered raw material for 2-3 hours with 3-5 times 
its weight of water. When cold, a solution of sulphate of 
copper, calculated to 6 p.ct. of the weight of the catechu, 
added. In using these tannin colouring matters, bichro- 
mate of soda is used to develop or infensify the brown, 
iron salts fur deepening ur blackening the shades. 



I 



SIZING, LOADING, COLOURING, ETC. 207 



7 



A medmm. brown is obtained with 4 p.ct. catechu on the 
furnish, * developed ' with one-sixth its weight of the bichro- 
mate. Of coal tar d3'es there are a large number of browns. 
The well-known Bismarck browns are salts of tri-amido-azo- 
benzene. 

Applications, — The dyeing of paper pulps in the engine yv 
is an art which can only be said to be grasped when the 
whole of the factors involved are intelligently followed. To 
do this it is necessary to take into account all that has been 
advanced in the earlier chapters as to the constitution of the 
celluloses, their general inertness, accompanied by graduations 
in chemical reactivity such as obviously affect their relation- 
ships to colouring matters, the combination with which is 
undoubtedly a chemical phenomenon. Therefore also the 
constitution of the colouring matters themselves must be 
taken into account. Lastly, owing to the inertness of the 
celluloses and more especially those of the cotton group, the 
cotton dyer is limited to comparatively few dyes or groups 
of dyes which combine directly with the fibre : in the major- 
ity of his processes he requires the assistance of intermediary 
substances known as mordants — compounds which combine 
directly with the fibre-substance and the colouring matter, 
and which therefore in combination with the former enable 
it to take up and fix the colour in the insoluble condi- 
tion. 

Owing to the development of the industry in coal-tar 
colours, and the enterprise of manufacturers, the paper-maker 
is certainly saved much trouble by being supplied not only 
with a practically infinite range of colours, but with work- 
ing specifications of methods of using them, including par- 
ticulars as to the mordants required. In view of this exten- 
sive specialisation, we make no attempt to treat the subject 
in detail. The student must be referred to such special 
treatises as the following ; — 

(1) On the general principles of dyeing : * The Dyeing of 
Textile Fabrics,' by J. J. Hummel (London, Cassell & Co.). 

(2) On the constitution of the colouring matters : * The 
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^^V ■ Chemistty of the Coal Tar Colours,' by Benedikt and Enecht 1 
^^m (LondoD, G. Bell & Sons); and 

^^H (3) For working formulffi for the colouring of pulp i 

^^H --the engine, those contained in J. Dunbar's 'The I^-aotical 
^^M Paper-Maker' (London, 1887, Spon) are naeful and typical 
^^H ' of a wide range of effects. 

^^H The paper colourist may either work on purely empirical 

^^^B linee, i.e. by mC'iuB of recipes and spe<.-ifications supplied to 
^^^^ him ; or he may by his own inveatigatioite deviBe endtcEB 
I combinations to produce special effects, or produce the usual 

' effects by specially economical means. In either case it inay 

I be pointed out that since uniformity is of the utmost impurt- 

^^■^ ance, all conditions of preparation and treatment most be 
^^^K kept rigidly uniform. 

^^H In matching colours, allowance mufit be made for the oon- 

^^* dition of the stuff in the beater, and alterations of shade 
which take place during the process of making into paper — 
' (1) by incidental variations in the composition of the back- 

^^^ water in the machine ; and (2) by the action of the heat of the 
^^L drying cylinder. The usual practice of matching is to make 
^^H np a sheet of paper in a hand-mould from the stuff in the 
^^H beaters, which is then pressed and dried on a hot cylinder 
^^H or steam pipe. The esitmination of the colour by compari- 
^^H eon with the sample requires care and attention. A good 
^^V ' white ' light must be chosen, preferably daylight in a north 
^^^ aspect. Matching at night requires thut the artificial light 
shall be of exceptional purity. 

During the time that the loading, sizing and colouring 

processea have been going on, the pulp has been continually 

acted upon by the roll, and if these operations have extended 

I over a considerable time, it is probably in a proper condition 

^^^ for making into paper. The amount of ' beating ' depends, 

^^L as has been stated before, upon the nature of the fibre, and 

^^V also to some extent on the nature of the paper for which it ia 

^^^ intended. The ' beaterman ' examines the pulp from time 

to time by taking a portion from the engine and placing it iu 

a hand-bowl containing water : from lis appearance when so 
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diluted lie is able to judge of the time during which it may 
be necessary to continue the disintegration. As soon as this 
is completed, the pulp is ready to be let down to the stuff- 
chests, usually placed at a lower level than the beaters, so 
that the pulp can flow into them by gravity. For this 
purpose the valve at the bottom of the engine is opened : 
to remove the last portion of pulp it is necessary to rinse 
out the engine with water. 
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The pulp as it comea from the beaters ia now ready to be 
made into paper. We will first consider briefly the maau- 
faoture of hand-tnade paper. | 

It ia made on a mould of wire-cloth, with a movable 
frame of wood, called the 'deckle,' fitting on to the outside , 
of the mould, and extending slightly above its surface. 

The wire-cloth ia generally supported by a mnch coarser I 
wire-cloth, or by pitoes of thick wire, and these again by I 
wedge-shapctl pieces of wood, the thin end being next to 
thev' 

To form a sheet of paper the workman dips the mould 
with the 'decklo' in position, into a vat containing the pre- 
pulp diluted with water, lifting up just so much as will 
make a nheet of the necessary thickness. As soon as the 
mould is removed from the vat, the water begins to drain 
through the wire-clotli, and to leave the fibres on the surface 
intheformof a coherent sheet of paper. The felting or inter- 
twining is assisted by lateral motion in every direction given 
to the frame by the workman. The movable deckle is then 
removed, and the mould, with the sheet of paper, given to 
another workman, called the 'couoher,' who turns it over 
and presses it against the felt, by this means transferring 
the sheet from the wire to the felt. In the meantime the 
vat-man' is engaged in the formation of another sheet with 
second mould. 

A number of the sheets thus formed are piled together, 
aJtemately with pieces of felt, and when a sufficient number | 
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ive been obtaiueiJ, the whole is subjected to strong pressure, 
expel the water. The felts are then removed, and the 
sheets again pressed. 

They are then sized, if required, by dipping them into a 
Bolntion of gelatine : again slightly pressed, and hung up on 
3S or poles to dry. Such paper is called loft-dried. 
When dry the sheets of paper are calendered. (See 
lapter X.), plate-glazed or otherwise finiahed. 
The making of paper by hand involves considerable dex- 
ity on the part of the workman ; on account of the expen- 
B labour necessary, in oomparison with paper-maohinea, 
oiiraparatively little practised in the present day ; oer- 
kinda of paper, however, suoh as bank-notes, various 
ywing papers, and printing papers intended for the pro- 
<tion of very eUborat« editions are made in this way. 
Any pattern or name required on the papbr is obtained by 
leans of a raised pattern on the wire-cloth mould : con- 
[uently, lees pulp lodges there, and the paper is propor- 
ionally thinner, thus showing the exact counterpart of the 
Ltt«m. Such devices are known as ' water-marks.' (See 
10 p. 222.) 
The Paper Machine. — The paper machine of the present 
', with all its ingenious improvements, differs but little 
principle fi-om that originally constructed by Four- 
nier. It consists esBentially of an endless mould of wire- 
ith, on to which the prepared pulp flows, and on which a 
.timious sheet of paper is formed. The sheet of paper 
through a series of rollers aj d over a number of 
ited cylinders, where it ia completely iried. 
A modem Fourdrinier paper machine is shown in side 
ivation and plan in Plates I. and II. 

The pulp, after leaving the beaters, passes into a large 
" called the atuff-chest, of wliich there are one or more 
each machine. In emptying the beater water is rnn in 
thoroughly rinse out the remaining pulp, the washings 
going into the stuff-chests. These may be made either 
wood or iron, and should bo provided with arms fixed 
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on a vertical shaft, made to revolve by suitable gearc 
The arms are for the purpose of keeping the pulj 
thoroughly mixed, and should only w^ork at a moderaq 
speed, otherwise they are liable to carse the fibres to fon 
into small knots or lumps. The pulp is drawn from t 
stufi'-chests by means of the pump A, and is discharged intd 
a regulating-box {not shown). The object of this box i 
to keep a regular and constant supply of pulp i 
machine. It consists of a oylindrical vessel, having twi 
overflow-pipes near the top, and a disohnrge-pipe near thM 
bottom. The pulp is pumped In through a ball-valve in t 
bottom, in larger (Quantity than is actually needed, the e 
cess flowing away baok into the stufl'-oheatB, through the twM 
overflow-pipes. By this means, the bos is always kept full 
and therefore the stream of pulp issuing out of the bottonjl 
pipe is always under the same pressure. It flows from t" 
pipe, the quantity being regulated by means ol' a cook, i 
■ cording to the thickness of paper required, directly on t 
the sand-tables. These may be of various sizes and shapes, ' 
but should be so large that the pulp takes some little time to 
travel over them. They consist of long shallow troughs, 
generally of a sinuous form. The bottoms i 
covered with woollen felt, or with thin strips of wood plat 
across the direction of the flow of the pulp, and at a sligb) 
angle. These serve to retain any particles, such as sand a 
dirt, that may have escaped removal in the previous tieatment '* 
of the pulp, and that are heavy enough to have sunk down 
duriug the passage of the pulp along the sand-tables. In 
some mills, where great care is exercised, the pulp is i 
to flow over aand-tables 200 yards in length. As the pnljfl 
when it leaves the stufT-chosts, does not contain suffloieH 
water for the purpose of making paper, it is mixed, where fi 
enters the sand-tables, with a quantity of water from i' 
'save-all' (see p. 221), flowing from the box B placed g 
higher level. 

In some mills, instead of being pumped Into the regulating- 
box, tho pulp flows into a small vessel below the stufl^-ohest. 
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and ia lifted on to the sand-tables by means of buckets 
(astened on the circumferenoe of a wheel. 

The pulp, after leaving the sand-tableB, passee on to the 
Btralnera. These consist of strong brass or bronze plates, 
having a large number of very fine V-shaped slits out in 
them, the narrowest end being on the outside. 

Slrainvrg. — The strainers are for the purpose of removing 
from the pulp all lumps formed by the intertwining of the 
iibres, and all pieces of untoiled fibre, whicb, if allowed to 
pass un, would show in the paper as inequalities in the snr- 
fatje, or as dark specks. The slits are made narrow at the 
top, and gradually increasing in width, so as to prevent 
them from getting choked up. These slits allow only the 
individoal fibres to pass through, and their width varies ac- 
cording to the quality of the paper. They are from 2 to 
3 inclic-s long, and they vary in width from -007 to -05 inch. 
They are put at distances of about I ii^ch apart. Several 
plates, each containing about 300 eiita, are bolted together 
and form a strainer. The whole strainer receives a violent 
shaking motion, to assist the passage of the fibres through 
the slits. In the machine represented, two of these strainers 
are shown at C. The shaking motion is produced by the 
ratchet-wheel or cams a acting on the hammer h. An im- 
proved form, called the ' revolving strainer,' has of late . 
years been introduced. The pulp generally pasaea first 
through one of these, and then through the ordinary or 
'flat' strainers, as they are called. A revolving strainer 
is shown at D. It consists of a rectangular box, the 
) formed of plates perforated with slits. 
I slight vacuum is formed by means of an 
iudiarubber bellows worked by a crank on the shaft d. The 
vacuum is intended to serve the purpose of the shake in the 
ordinary form. The box revolves slowly inside a vat con- 
taining the pulp, and the strained pulp flows into the bos D', 
and thence on to the flat strainers. 

Various patents liave been taken out from time to time for 
flat Btrainers worked by means of, a vacuum underneath the 
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plates oauBed by the motion of discs of indiarobber or thin 
metal. Fig. 45 shows in plan a set of strainers, as manu- 
factured by MesBrs, G. & W. Bertram, similar to those in 
Plate II., but illustrated somewhat more iu detail. 

The pulj> first passes through the flat straiuer B, and from 




From these it 
111 to the paper 



thence to the two revolving strainers A, 
flows along the shoots placed at the side 
machine at E. 

Fig, 46 gives a view of a patent flat vacuum strainer 
made by the same firm, which may also be used for cleaning 
straw or esparto previous to its passage over a preste-pdie. 
The palp flows on to the strainer at a, and passes away by 
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cast-iron pipes/. The valve g is for mnning off traste 
.Ip. The plates are placed at a slope of about 1 in, in their 
gth ; those nearest the supply of pulp are provided with 
coarser alita, as the impetus Cannes the knots forward. The 
vacuum pumps are worked -by the rods d from the shaft c. 
By means of the tube c water can be dii-ected en to the 
plates, whereby the coarser pai-tioles of fibre are carried 
forward, and the slits are kept clean. The plates can he 
removed in a few minutes. 




Figs. 47 and 48 show in side and end elevation, Messrs. 
Masson, Scott & Bertram's patent self-oleaning strainer. The 
novelty consists in an an-angement by means of which the 
upper surfaces of the plates are continually freed from those 
portions of the pulp which oauDot pass through the alita. 

The scrapers d are made of vulcanised indiarubber, and 
are oontiuually carried forward by an endless chain ; the 
knots, &c., collect in a heap at tlie end of the struinr. The 

I pulp flows on at a, and pa^iscs away through the pipe b. 

I The pumps are driven from the shaft e. 
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MeBBTB. C. H, & F. L. Eoeckner's patent strainer (No. 7982, 
1886) cQnaiats of a series of cylindrical tubes, open at one end 
and perforated with slitB. They are placed in a "vat into 
which the pulp flows. Inside the cylinders are placed two, 
three, or more plates fixed to the shafts on which the cylinders 
are supported, and extending to the circumfei'encQ. These 
plates form a kind of fan, which, together with the cylinders, 
are caused to oscillate by means of a rod and cranks. This 
oscillating motion serves to draw the fibres through tbe elita, 
and at the same time to keep the outaides of the cylinders 
clean. The cylinders are easily removable. 
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After a time, the slits in the plates get too large, owing to 
tbe plate having been worn away by the constant friction of 
the fibres, and as they are very expensive, ■various attempts 
have been made to iuTent plans for partially closing them 
again. Hammering will effect this, but is liable to break 
the plates. Ann an dale of Bolt onf Old has introduced a 
method of closing the plates, by means of heavy pressure 
acting on small steel rollers moving on each side of the slit, 
in which is placed a small sheet of metal the exact thickness 
of the width desired. 

Another method of closing the plates consists 
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ttem up by meanB of electrically deposited copper or other 
metal. They can then be recut iii the usunl way. 

In the case of revolving strainers, all that cannot pass 
through the slits falls to the bottom of the vat, in connection 
with which it is cTistomary to have an auxiliary strainer, 
or 'patent knotter,' as it is called, shown at E. All fibre 
that passes through this one, which is of the ordinary flat 
kind with shaking motion, goes into a box near E', called 
the 'low bos' for 'save-all' water (see p. 221). 

The pulp, after passing through the Btniiners, should be 
perfectly free from knots aiid impuritisB, and in a fit condi- 
tion for making papt^r. In the machine shown, it passes from 
the last strainer directly on to the wire, its flow being 
regulated by a movable gate e. In t^oaie caees, however, it 
first flows into a euiall vat, in the centre of which revolvi 
a rod carrying paddles, with the object of keeping the pulp 
well stirred up. It is carried right on to the wire by means 
of the apron, a piece of canvas, oil-cloth, or sheet rubber, one 
end of which is fastered to the breast-board e', the other end 
resting on, and covering ihe wire to the extent of about 
15 inches. The edges of the apron are rolled up to prevent 
tiiepulp from overflowing. After leaving the apron, it passes 
imcler a gate, or ' slicer,' as it ia sometimes called, made 
of two jiieces of brass, overlapping each other in the centre, 
and bolted together. It is made thus to enable it to be 
lengthened or shortened according to the width of the paper; 
its height from the wire-cloth can be altered by moans of 
jlorewB, and should be equal at all points, in order to ecsure 
a uniformly thick sheet of paper. The ends <j{ the two 
pieces Ibrtning the slicer are fastened to the frame / or 
'deckle,' as it is called, and this again is'carried by two or 
more rods stretching right across the wire, and fastened by 
small npright sapports on both sides to the frame g. The 
deckle-fraiiie also carries the grooved pulleys h, along which 
the deokle-strapa i, endless square bands of indiarubbei". 

The object of the deckle-straps is to regulate the width 
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; they form, ^^H 

.h the wire- ^^H 

[T nf mrmlil ^^^™ 



of the pap 
together v 

cloth, a kind of mould 
into which the pnlp 
flows, thus oorrea pond- 
ing to the mould need 
in producing hand-made 
paper. The width of the 
paper can be altered by 
shifting the position of 
the frame /, and also the 
deckle-straps, which are 
carried on it aa de- 
scribed, the pnlleya h 
being so arranged that 
they slide along the 
rods on which they 
revolve. In order to 
alter the width of the 
paper it ia necessary to 
fitop the flow of pulp on 
to tbe wire, and it not 
only consumes a con- 
siderable amount of 
time, but generally 
necesaitates a partial 
cleaning up of the 
machine. Yarioua at- 
tempts have, therefore, 
been made to devise an 
arrangement whereby ' 
the change can be 
effected while the paper 
is being made. Several 
contrivances have lately 
been introduced, 
similar to tbe one shown 
in Figs. 49 and dO. 
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In it tlie frame / carrying the dectcle-sti^p is made to 
^de along the rods e hy means of the fimall wheel b, and by 
a elmilar arrangement on the opposite side and geared with 
it. The movable apron I, Fig. 49, is wonnd round the 
spindle ff, and is kept taut by the corjs m connected with 
the springs n. As the deckles nppruach each other, the 
excess of apron ie wound up, when they are separated it 
unwinds iigain. The flow of pulp is regulated by two slices 
a a, which are kept in position by the screws h. The whoJe 
arrangement is securely bolted to the frame of the machine ; 
e (Fig. 50) represents the bieast-roll, and corresponds to F, 
Plates I. and U. 

I supply of pulp to the wire-cloth, and by tlie speed at which 

the machine is working. This speed may vary from about 
60 feet to aa high as 500 feet per minute. 

The ' wire ' is an endless cloth made of very fine wire, the 
fineness depending much oq the quality of the paper required. 
The metih varies from 00 to 70 and even more threads to the 
inch. It is not woven endless, but is joined by very careful 
sewing with wire. Its width varies considerably, some 
being made as wide as 126 inches; the length is generally 
35—40 ft. It is carried by the breast-roll F, the lower couch- 
roll G, and the smalt rolls f; and by a large number of 
small rolls _/". The latter aud the breast-roll are supported 

I by the frame g, while the small rolla f « 
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^^^H brackets atlaolied to it. The course of the wire is indicated 
^^^K ly the arrows. The frame g works un two pivots g\ and le- 
^^^K cuiyee a shaking nrntion from side to side from the rod/, in 
^^^K connection with a orank worked \iy two couioal drums H. 
^^B The supports 'f are also pivoted at their lower ends to allow 
^^"- for the shaking motion. This shaking miction is given for 
' the purpose of weaving or intertwining the fibres. One or 

e of the rolls /' can bo moved up or down on the support 
which carries it, for the purpose of stretching the wire. 
There is usually a large number of the small rolls/", as it 
lias been found by experience that, probably owing to 
oapillai-y attraction, thoj- cause the water to leiive the pulp. 
Though a large quantity of water thus passes through the 
' wire-cloth, it is necessary to assist it by artificial means. 

»Thi8 isdone by means of the suction-boxes 1 connected by 
pipes with, the vacuum-pumps T. 
This part of the machine, which is called the "wet^nd," 
is placed at a slight slope of about I in. in its entire length, 
the lowest end being nearest the strainei-s. 
Underneath the wire-cloth ia placed a box called the 
'save-all' K, connected with the box E'. The water that 
passes through the wire-cloth contains a considerable quan- 
tity of very fine fibres, together with size, alum, clay and 
'colouring materials, that have passed through the wire, and 
whicbwouldbeloBt but for the arrangement now uuiveraally 
adopted. It fiows into the box £', and is pumped, together 
with the pulp that has passed through the knotter E (see 
p. 217), into the high box E, whence the raised stuff flows 
on the BandTtables, to be again useij to dilute fresh pulp from 
the atnffchests. The following numbers will give some idea 
of the nature and amount of fibres, Ac, which pass through. 
The paper was made from esparto and straw, sized vrith roain 
and starch. It contained 12 p.ct. of clay. 
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It is almost impossible to utilise the whole of the back- 
water passing thrnitgh the wire-cloth in the way described. 
In Bome mills a portion of this water is made to pass through 
a ' pulp-Baver,' such as ia shown in Fig. 51 and 52, It 
consists of a conical drum A, the circumference of which is 
covered with wire-cloth, and it is caused to revolve slowly 
by snitahlo gearing. The water enters by the pipe B, and 
passes through the meshes ef the wire-cloth, the pnlp gra- 
dually finding its way to the wider end, where it is discharged 
into the boK C It can then be returned to the beaters. 

The pulp-saver can also be tiaed fur i-ecovering the fibre 
from other waste water, such as the wash water from the 




I trashing and beating-en gines ; or it can be used for freeing 
bleached pulp from water in casea where drainage or hy- 
draulic pressure is not resorted to. 

If any pattern or name is required on the paper, it is pro- 
duced by means of a light skeleton roll, call a ' dandy-roll,' 
covered with raised wires in the form of the desired pattern, 
placed between the suction-boies, and pressing lightly on 
the still moist paper. The paper is thinned where the wire 
pattern presses, and thus a mark (^water-mark) is produced. 
The other side of the paper has a mark corresponding to the 
wire-oloth; by using a dandy-roll covered with wiro-cloth, 
the two sides oan be obtained alike, such paper going by the 
name of ' wove.' 
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Pftp6r in which a series of parallel lines 
called R ' laid ' i>aper. 

Some wftter-marlte are produced by meana of a dandy-roll 
■Lich the pattern is formed by depreseions in the BurfacBb 
The paper is thus thicker where the pattern is formed than in 
the gronnd-work. De la Eiie (Patent No. 8348, 1884) bus 
patented the ubc of dandy-rolls bo foiined as to produce upoB 
the paper the ofiecta both of tliickening and tbinning. 

Imitation water-marks can be produced on the finished' 
paper by subjecting it to pressure in contact witb plat«a on. 
which the design has been produced in relief. In this 
way very beautifnl resulta can be obtained, (See Patent 
No. 13,455, 1884.) 

It Bometimea happens that the wire-cloth slips sIiRhtly to 
one side. This can be obviated by the machine-man shifting, 
by means of screws, one of the rolls provided for the purpoae; 
with a movable journal, until its axis is at a slight angle to 
that of the other rolls. An automatic apparatus has been in- 
vented for this purpose. Two brass plates are filed, one on 
each aide of the wire-cloth, (o a long rod, connected by suit- 
able machinery with the screws working the movable jonmal, 
so that, as the wire presses against one or the other of 
plat«s, the rull is shifted so as to correct this. 

The paper, which, even after passing the saction-boxea, ii' 
still very wet, passes with the wire-cloth between the couch- 
rolls G G'. These are hollow copper or brass cylinders, 
covered with a tightly-fitting endless jacket of felt. They.j 
may also be made of wood (Kycamore or mahogany) 
iron or iron and braea combined. The pressure of the upper 
couch-roll upon the lower can be regulated by means of 
screws or levers. They serve to press out water from the 
paper, and to detach the paper from the wire-oloth. By 
dexterous manipulation on the part of the machine-men, the 
paper is transferred to the endless felt, traveiliug over th» 
rolls i in the direction of the arrows. It is known 
the ' wet felt,' from the condition of the paper at this atagek 
In its passage along this felt, the paper passes betw< 
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Ko iron toUb K, called the firat press-rollB, with the ohject 
Laving tlie water squeezed or pressed out of it. These 
Is are sometitnes covered with a thin hrass case, and the 
I one is provided with an arrangement called the ' doctor," 
order to keep it clean, and free from pieces of paper 
mat may have stuck to it. The lower press roll is some- 
times covered with an indiariibber jacket. The ' doctor ' is 
a kind nf a knife placed along the whole length of tha roll 
and pressing againet it at every point. The preBsnre on 
the rolls can be regulated by means of levers, or, as in the 
illustratioti, by the screw k'. It will be readily seen that 
leraiiie of the paper that has been nest to the felt 
I its still moist condition, have taken to some ex- 
imprcssion from the felt, while the npper side will 
iave been made compuratively smooth by the presflure 
against the top roll of the 1st press. In order to make 
both sides of the paper as nearly as possible alike, it is 
passed through another set of rolls L, ouUed the 2Dd press. 
This time it is reversed, and enters at tho back of the rolls ; 
thus the other side of the paper is next the metal, being 
taken through by the felt (called the '2nd press felt') 
travelling on the small rolls I, the paper, after leaving the 
wet felt, and before being taken on to tho 2nd press folt, 
travels over the rolls I', The 2nd press felt is necessary, 
because the paper is too tender to withstand, unsupported, 
the pressure of the rolls. 

The paper, after passing the 2nd press rolls, travels over 
the drying-cylinders M, the number of which varies some- 
what. In tho machine shown, there are in all eight cylinders. 
Sometimes as many as twelve are employed. Between the 
2nd press rolls and the cylinders, a passage S allows easy 
access to the other side of the machine. The paper generally 
passes alone over the first two, which are only slightly hoated ; 
afterwards it is led over the others by means of felts, as 
shown. Tho arrangements shown at R are for the purpose of 
stretching the felts. Tho cylinders are heated by means of 
st«am, and are generally divided into two sets, between. 
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1 explained by ^| 



■which is a pair of ohilled-iron, highly-poliBhed rolls ^ 
' smootherB,' the function of which is sufticiently explained by n 
their name. They are also heated by means of steam. The 
cylinders are nsually made of slightly decreasing diameter, 
in order to allow for the shrinking of the paper on drying. 
Messrs, G. and W. Bertram introduce into some of their 
machines one or two small drying cylinders, over which the 
2nd pi'ess felt travels, the object being to drive off some of 
the moisture absorbed from the paper. This contrivance ia 
said to give excellent results, and to ensure a coneiderabla-a 
saving in felts. The arrangement is shown in Fig. 53, lif 




is especially useful in machines running at a hi 

in those having limited drying power. After leaving tbsd 

cylinders, the paper should be quits dry; it is then le^ 

through the calenders, of which there are in some ma^binefta 

as many as throe sets, though only one is shown. These] 

are similar to the Rmootbing-roile, just described. 

is applied by the screws 0', or by levers and weights. 

friction of the hot calenders on the dry paper develops a 

large quantity of olectrioity, which occasionally dischai^ 

itself in bright sparks. 

It is the practice in some mills to cool the paper befor 
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poBBing it through the calenders. This is effected by passing 
it over a copper cylinder, through which a etieam of cold 
water rtms. 

The degree of smoothness or ' finish ' that can be given to 
the paper by the calenders, depends to a large extent upon 
the degree of moisture which it containB. As it leaves the 
last cylinder it is perfectly dry, that is to say, it contains 
only that amonnt of water which eellnloae, from whatever 
source, always carries. This amount varies slightly with 
the nature of tho cellulose, and with the plant from which it 
has been isolated, and also with the state of the atmosphere, 
it being greater on damp days. It would be impossibla so 
to regulate the drying action of the cylinders that the re- 
quisite amount of water should always be left in the paper ; 
it is therefore better to djy it as thoroughly as poseible, and 
then to add the water, by artificial moana, juat before it 
passes through the calenders. This metlaod, moreover, has 
the advantage of damping only the surface of the paper. 

Fig. 54 shows a damping arrangement as manufactured 
by Messrs, James Bertram and Son. The paper on leaving 
the last drying-cylinder passes on to two copper cylinders c, 
filled with cold water. Steam pasaes through the pipe a, and 
issues through a number of fine holes in a pipe running at 
right angles to the direction in which the paper is travelling, 
and near to it. The steam condenses on the paper and on 
the surface of the cylinders, from which the paper absorbs it. 
The supply can be regulated by the cocks shown in the 
drawing. The troughs d carry ofi' any excess of condensed 
water. 

Amongst other methods proposed is one by Annandale ; it 
consists in breaking up jets of water into a very fine spray 
by means of a blast of air. 

'i'he finished paper, after passing through the caleuders, 
is wound on the reels P. The gearbg by which the whole 
machine is driven is shown in Plate II. 

It Bomotimee happens that, owing to the incieased tension 
due to the contraction of the paper in drying, the paper 
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^^^B breaks, it U therefore neceesaiy tu alter llie s 
^^^H of the cylinders to compensate for this. A roi 
^^^E whiob is largely adopted, consistB in attaching. 
^^^B mixture of roai [i anil tallow, a piece of felt to one or 
^^H the pulleys (Plate 11.), and thus altering its speed. 
I^^H Tub-gizing. — The foregoing description is of a macLinal 

for the manufacture of engine-sized papers; some slight 
modifiofltiuns are necessary in the case of papers that are 





of tub-sized papers, the paper, after being partially driei 
over a few cylinders, is passed through a vessel oontainingj 
a Bolution of gelatine (see p. 228) It then goes betweena 
pair of rollers, which press out the excess of hize, and thei 
again over drying cylinders. The vessel or trough contaiiti 
ing the size is filled to overflowing from a tank placed at Ij 
higher level ; the overflow passes into a lower vessol, fro 
wMoh it is pumped up to the top tank. The size is ke|li 
warm by means of a coil through which steam passes pla 
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in one or other of the vessels 


/s^ 


containing it. The piper 


/ \ 




passes between a pair of 


J '^ 




rollers placed in n trough 




^' 


^ — 


and dipping into the size. 
The size may be made to 


p" 




f 


flow through a pipe pierced 




with a miml)er of holes, the 




stream ruuning directly on 




to the web of paper. In the 




other,and perhaps most gene- 






ral way, at least for the better 






qualities, the paper is wound 






off immediately after leaving 

the last drying-cylinder A 

(Fig. 55), and sized at so ou 

;i future time, or it may bo 










cj passed directly into the vat 


^ 


^ B contaiaing the size. After 


passing between the squoez- 


ing-rullB C, it is generally 


11 


wound off as at D ; and after 


J 


having stood some time tu 


•Hjflk 


allow the size to be evenly 


/^^ 


absorbed by the paper, it is 


~' 


wound off from F, arid passed 
over the cylinders H, of 
which there may be a very 
great number, some macbinoH 
having over 300 of theui. 


i 


\K 


V 


\ 


These cylinders are made of 
light spars of wood; inside 
them, and revolving rapidly 
iu an opposite direction, are 


V 


the fane G. The paper iu 
travelling over these drums, 
is only slowly dried, and is i 
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^^^P BUppOBed by thia means to be more perfectly sized, and i 
^^V created in sfrengtb. It is wound < 

^^H Only tlie first and last two drums are shown. This melhod 
^^^P was devised to imitate, as far as possible, the sizing process 
^^H of hand-made paper. Even now, paper that has been made 
^^B on the machine is sized by hand, after having been oat into 
sheets, macli in the same way as hand-made. 

Preparation of She. — Very pure gelatine can now be I 
^^ obtained iii the form of colourleKS sheets. It is, however, 
^^L more economical for the paper-maker to prepare his 
^^H thia is therefore done iti the majority of case?. A great many I 
^^f animal substances, such as clippings of hides, Lurns, bones. [ 
I ike, yield gelatine when heated with water. Any of these 

' substances may be used, the first being ihe chief raw mate- 

Irial. They are first Bgftened by soaking in cold water for j 
some days: they are then cleansed by wa^hing in a stream ] 
of water. The neit operation is that of heating with water. ] 
This is usually done in iron or copper vessels provided with J 
a fahe bottom or outer j.icket, into which steam may he I 
passed. The bide cutting^ are covered with water, and the 
mass gradually raised to a tem|>erature of about 85° (185° P.), i 
In from ten to fifteen hours nearly the whole of the cuttings 
will have passed into solution as gelatine. This solution is 
then drawn off and uny insoluble substaiice suspended in it 
is removed by subsidence or filtration. The hides contain u 
certain quiintity of fat, which collects on the surface of the 
solution. The residuo in the hoiler is again heated with 
walor, and the solution added to the bulk. It is of tho { 
greatest importance that too high a temperature bo avoided. ■ 
as gelatine is liable, when strongly heated with water, to J 
lose its power of gehilinising. 

To the filtered solution of gelatine, which should be, if ^ 
properly prepared, of a pale colour, a quantity of alui 
tion is added. The effect of alum upon gelatine is very j 
remarkable. If added slowly it will be found gradually tit 
render it stiff until at a certain point the mass will become 
blmost solid ; a further addition renders it fiuid again. It is 
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B this state ready to bo used for sizing purposes. The amo'int 
f alum iieceBsary to produce this effect ia about 20 p.ot. of 
the weight of the raw matei'ial. The alum is also useful ia 
I'reyeiiting the decomposition of the gelatine, but ita chief 
(•haracteristic is to render the gelatine a more (■fficiont sizing 
material, Tliero is no doubt that, besido^ it^ action upon 
the gelatine itself, it has a oonsidorable effect upon cellnlose. 
It is of the greatest importance that the alum or tho sulphate 
of alumina, which can bo substituted, should not contain any 
free acid. This is especially necessary in the case of papers 
made from rags, in the bleaching of which an acid has been 
used ; one effect of which is to remove ali basic substances 
derived from the boiling or bleacliing processes. In the case 
iif esparto and similar fibres, a considerable quantity of such 
substances are present in the pulp, the result being that the 
free acid of alum is to a large extent neutralised, and its 
injurious effects prevented. 

The effect of the free acid is seen in the weakening of the 
]iaper and the destruction of metal surfaces with which it 
lumes in contact. The effect of acid upon cellulose will be 
found more fully deacnbed in p. 13, 

Many paper-makers add to the gelatine a certain quantity 

iif fioap, the effect of which is to render the paper capable of 

tiiking a high finish. The soaps employed should be white 

and firm, and should be free from rosin. Some soap-makers 

prepare a special soap for paper-making. They are usually 

made from tallow, or a mixture of this with a small quantity 

of cocoanut oil. 

■ If a solution of soap be added to one of alum, a double 

iBecomposition immediately occurs, the fatty acid being 

Vthrown down in combination with the alumina, and the aoda 

combining with the sulphuric acid. If, however, the soap 

solution be previously mixed with a solution of gelatine, no 

precipitation takes place, the mixture forming an emulsion 

having somewhat the appearance of thin milk. 

Various attempts have from time to time been made to 
e paper ia the engine with gelatine, by precipitating it in 
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^^^Hthe pnlp after the inanner of rosiD t 
^^^H guccessful method has been devised. 

^^^H Single^linder Machines, — Modified forms of the original 
^^^H Fourdrinier machine have been introduced to meet various 
^^^B requirements. One suitable for the manufacture of very thin 
^^^" paper, or of pafers one side only of which is required to be 
glazed, called a eingle-oylinder or Yankee maohiii<-, is shown 
in Fig. 56. 

It resembles the Fourdrinier machine as far as the coach- 
rolla A and B. The paper is taken off the wire-cloth on to an 
endless felt ninning round the upper couch-roll A, and 
travelling in the direction of the arrows. It is taken from 




' the felt on to the large drying-cylinder C, of about 10 fett 
diameter, heated with steam. This is carefully turned ami 
polished so as to imfart a high gloss to ihe surface of the 
paper with which it ie in contact. Calender-rolls are some- 
times supplied in addition. 

The arraDgement shown at D is for the purnose of washing 
the felt. This is necestary to cool and open it out after 
passing between the cold preas-roU E and the hot cylinder. 

The paper, after papsing over the greater part of the 
surface of the cylinder, is sufficiently dried, and it is then 
wound off at F. 

, A machine of a very different constrnotioii from the 
ordinary form is shown in Fig, 67. The pulp, aflcr passing 
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tliroDgb the Bti'ainer A, enters the vat B, in Ihe oentre of 
which a large dram or cylinder C revolvea. This cylinder 
ia coTered with fine wire-oloth, and on it the paper is mode. 
As it revolves the fibres attach theniBelves to the wire, and 
the water passes throngh the meshes, being assisted by 
means of a pump. The eheet of paper thns formed is taken 
on to the endless felt pasBing round the conch-roll D, and 
travels along with it to the large drying-cylinder B, heated 



1 




by steam. It leaves the felt at F, and is then taken on to 
the cylinder, after travelling round which it ia suffioiently 
dried, and is then wound off aa at G. The felt on its return 
journey passes through the washer H, where it is cleaned 
and freed from adhering particles by the scraper I. It is 
squeezed free from escess of water by the rolls K. Paper 
made on such a machine is weaker than that made in the 
ordinary way, because it has not been found possible to give 
a ahaking motion to the oyUnder, and thns the fibres are only 
imperfectly felted. 

A modification of this machine is used for making mill- 
iards, the difference being that it has no dryiug-cylinder. 



232 P^PEB-MAEUfG. 

The felt oarryiDg the paper passes between a pair of press- 
rolls, which squeeze ont the water. The sheet of paper is 
then allowed to wind round the top press-roll until of the 
required thickness. When this happens, it is cut off the roll 
by a knife. The thick sheets so produced are dried either in 
the open air or in a room heated for the purpose. 
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CHAPTER X. 
CALENDERING, CUTTING, Etc. 



The paper, as it leares the machine, is for inaoy purposes 
not sufficiently highly glazed, and it is therefore neoessary 
for it to undergo a further process of caleodering. This may 
be done in various ways. 

One method, called " web glazing," iu to pass the paper 
between a number of rolls, alternately of polished iron and 
very highly compressed paper or cotton. The construction 
of such a calender will be understood by reference to Figs. 58 
(end elevation) and S9 (front elevation). The reel of paper, 
as taken from the machine, is shown at A (Fig. 58), its course 
over the rolls being indicated by aiTowa. After passing over 
the bottom roll, it ia wound off on a wooden or hollow iron 
cylinder B (Fig. 58), driven by the toothed wheel shown by 
the dotted line C, oa the same shaft as the wheel D, which 
is driven, by E, keyed upon the bottom roll. The whole ma- 
chinery is driven by the large toothed wheel F (Figs. 58 and 
59), which is itself driven by the small wheel G on the main 
shaft tl. The paper lolla are marked P, and the iron rolls I. 
It will be seen that there are two paper rolls in the middle, 
for the purpose of, as it wore, reversing the paper, and so 
making both sides alike. Pressaie is applied to the rolls by 
means of the screws K, and by the weight L (Fig. 581 acting 
oa the compound lever M. The brake, which coaaifita of a 
strapofteather, pressing, by means of the weight and lever N, 
on the circumference of the wheel 0, oonneotod by toothed 
wheels with the cylinder A on which the paper ia wound, is 
used for the purpose of preventing the paper from leaving 
the cylinder too rapidly. But for this appliance, the paper 
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would be «pt to crease. The paper rolla have ui inner core 
of iton, the paper only extending to a depth of about 5 incbea. 




The iron rolls ere hollow, and are comiected with steain- 
pipeB, bj whioh they can be heated. 
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Another method, known as " friction-glazing," employed 
for giving a very high finish to paper, generally on one side 




only, IB to pasH it hetween & large paper roll and a smaller 
iron on£, the latter revolving at a mtioh gi'eater speed than the 
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former. By tHs meana a very smooth surface can be obtained. 1 

It is Bometiines assisted by rubbing a small quantity of bees'- 
the small iron roll. The above-mentioned methods 
upply to the glazing of paper in the web. Paper;ont into 
eheeta may also be treated in the same way. Variotis modi- 
fications of these calenders have been devised ; ihey do not, 
however, involve the application of any special principle. 
Plate- glazing, a method that is adapted to band-made and 




the better qualities of paper, consiatB in applying I 
preBsnre to sheets placed between polished plates of copper 
or zinc. The metallic plates and the sheets of paper are 
made into bundles, and the whole is passed between two 
strong rolls, heavy pressure being communicated to them | 
by means of screws or levers, and weights applied to the ends ■ 
of the upper roll. 

A calender for this purpose is shown in Fig. 60. The 
bundle of plates and paper is passed along the table a'; after 
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I passing through the rolls c, it slides along the inclined table d, 
3 received by a workman. The pressure on the 
rolls is regulated by the handle c and the weights b. 

By passing paper between rolls on which devices have been 

cat, the ' repped ' and other similar papers are prodaced. 

I With calender rolls of the ordinary conatmction, as the 

presBUTo is applied at the extreme ends, the roll is liable to 

assume a slightly curved shape, the effect of which is to pro- 

Idnce an uneren surface on the paper, the outer portion of 
the web being more highly finished than the centre. 
This defect is obviated to a very large extent by Schnr- 
mann's Patent Anti-Deflection EoUs (Fig. 61). The roll 
proper consists of an oater shell a, through the centre of 
which and aeenrely wedged in at h is the centre core c, the 
ends of which run in journals, and to which pressure is 
applied in the usual way. The pressure is communicated to 
the outer shell at the point of contact h, the result I 
that the parallelism of the surfaces of the rolls is maintained, 
and, in consequence, the paper tends to be equally finished 
ia erory direction. 

Outling. — Except for special purposes, snch, for example, 
as for use in a ecmtinuous printing machine, paper is usually 
sent from the mill in the form of sheets. The form of cutter, 
I called a revolving cutter, generally used, is shown in Fig. 62. 

I'he paper from the wehs A is drawn forward by the rolls B ; 
it is then ripped into widths of a convenient size by means 
of two circular knives, the upper one of which is shown at C. 
I li again pasaes between a pair of rollers, after leaving which 
E jt meets a knife D fastened to the revolving drum E, and 
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prQasiug against a fixed knife not shown. The out sheets! 
then fall upon the eadlew travelling felt F. The action of 1 
the knivea will be understood by referenoe to Fig. 63. Thflf 
edges of the ttvo knives are shown at A and B. The knife B | 




has a slot, in which the bolt D slides, and it is kept in 
position by means of a spring. This spring causes the knife 
to slide back slightly as it comes against the fixed knife A. 
The position of the paper is shown by the dotted line C. 
The knife B is set on the drum not quite horizontally, ao ■ 







that one end meets the stationary knife a little before the 1 
other, thus acting in every respect like a pair of sciHsora. 1 
Fig. 61 shows a pair of ripping-knives. The upper one A iA J 



ng in every respect iiKe a pa 

_,^. ,. pair of ripping-knives. The upper one A iA-l 

kept in position against the lower one B by means of the \ 
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spring C The outting BurfacsB are slightly hollowed out, 
BO as to have a sharper edge. The paper is shown hy the 
dotted line D, By altering the relative speed of the drnm E 
and the rolls B, by meanB of the expanding pulley G, sheets 
of any desired eize can he cut. The cutting-knivea are 
sometimes placed inclioed to the drawing-in rolls B, so that 
the sheet, instead of beiug out into a rectangle, is cut into a 
rhomboid. Suoh paper is used chiefly for the inanafaGture 
of envelopes, this shape occasioning a smaller loss when the 
envelopes are out out. 

Single-sheet Culler. — It is sometimeB necessary, as in the 

(case of paper having a water-mark, that the sheet should be 
out vrith great exactness, eo that the device shall come exactly 
in the centre. The ordinary cutter_cannot be relied on for 
this purpose, and, in its place, a machine called a 'single 
sheet cutter ' is used (Fig. 65). It consists eaaentially of a 
large wooden drum A, fixed on a horizontal asis, over which 
the paper is led by a pair of drawing-in rolls 3. The paper is 
held against tho drum by a clamp worked by the arm C. 
The paper is cut by the knife E moving against the stationary 
knife D. After ihe cut, the drum describes part of a cirole, 
the paper being still held, so th*t it cannot go back with the 
drnm. As soon as it has gone far enough, the clamp is re 
Lnoved, and the drum retuma, bringing (he paper with it. 
"Tie length of the arc through which the drnm moves, and 
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therefore the size of Khefit, !s regulated by the length 
crank-arm F. If from any cause the cut should 
place at the right time, the man in charge can, by pressing 
against the clamp, retard the motion of the paper, and thus 
bring back the cut to the right place. The small roller G is 
for the purpose of keeping the paper always tight. 

Quillotine Cutler. — It is sometimes necessary to trim the 
' edges of sheets of paper or to divide them into smaller sheets. 




I 



This is done by means of a guillotine cutter, an improved "1 
form of which, as manufactured by Salmon of Manchester, f 
and called the ' Victory ' cutter, is shown in Pig. 66. 

The paper to be cut is placed on the table F, touching the i 
back gauge G, which can be brought backwards or forward* I 
by meaua of the handle H, thus regulating the size of sheet. 

The macbiue is set in motion by means of the lever A, 
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whioh acts upon a friction -clutch connected witU the driving- 
gear. ThiM causes the knife-bar B and the clamp C to descend. 
When the latter meets the paper its progress is arrested. 
The knife D, ho'wever, continues to descend, and passes 
thiough the sheets of paper. By means of slots placed at the 
back, the knife is made to take a diagonal course. The pres- 
sure of the clamp is maintained npon the paper during the 
cutting operation l>y means of a powerful Rpriug contained ia 
the tube E. 




Sorting. — The sheets of paper are now ready to be examined 
before being finally sent away from themiU. ThisiBdonein 
the ' Finish in g-h on se,' or 'Salle' as it is sometimes called. 
This sorting is usually performed by women, who reject the 
inferior or damaged sheets. These are sold at a reduced price 
under the name of ' retree.' 

Paper is sold in sheets of definite sizes, and is made np into 
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mtaining rrom 480 to 516 aheetB. These sizes corre- 
spond to difforeat trade names — such, for example, as crown, 
demy, royal, imperial, &c. The weight per ream is usually 
expressed in addition to the name, thus : 14-lb. demy, 18-lb, 
double crown, &o. In this way the consumer ia enabled to 
mftke a rough comparieon of the thickness of the different 
kinds of paper. 

In making paper it is the duty of the machineman to 1 
examine and weigh from time to time a sheet of the desired *. 
size, in order to ensure uniformity. Special lever balances J 
can be obtained, showing at a glance the weight per ream of I 
different numbers of sheets. 

The following are some of the sizes of sheets as generally 
apeoified for writing and printing papers ;— 



I 



FoolHcap 17 X ISi 17 X 1S\ 

Poflt lejx 15t — 

Demy — 22i x 17J 

Boyal — 25 X 20 

It is pnrtiunlarly in dealing with such quantities as 
above sizes and weights of papers that we become aware of 
the arbitrary and cumbersome nature of our English weights ( 
and measuref. It ia not for us to argue the question of the 
superiority of the metric system, but to admit it. Apart 
from the simplicity of calculations Iwised upon the decimal j 
system of units, there is the more important simplification 
of ideas in a notation based upon related quantities. Thus 
the ton on the metric system is the weight of the cubic i 
metre of water. The English ton on the other hand ia 
related to the yard or unit of length, for all practical pur- 
poses, as the dimensions of a ship are to tbo names of the ^ 

In the weight-measure specification of papers on the I 
metric system the weight per square metre in grammes is a 
measure from which we pass by an instantaneous process to 
relative thickness of all papers having the same specific 
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gravity : or by direct measnrement of thickness, to the re- 
lative gravities of papers which vary in this respect. 

The paper maker in the mill should adopt some nniform 
standard — ^preferably the metric system, having reference 
solely to the physical constants of paper as paper. The 
arbitrary and conventional weight-sizes of the stationers' 
trade may be calculated in terms of the systematic standard 
which should give a direct and simple universal expression 
to thickness and specific gravity. 
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CHAPTER Xr. 
CAUSTIC SODA, EECOVEBED SODA, I 

As we have already pointed out, lime and caustic soda are 
"the only alkalis generally employed by the paper-maker for 
boiling fibrous raw materials; the special oases in whicb 
carbonate and sulphide of soda is used have been mestioned. 
in their proper place. 

Lime— the oxide of the metal calcium or CaO — is pre- 
pared from 'limeatoneB' of varying quality and iit also 
therefore a somewhat variable product. The wnavoidable 
impurities are water, carbonic acid, silicioua matters and 
residues from the coal used in ' burning ' the limestone. 

The lime should slake readily and the resulting hydrate 
(CaO.HjO) should form a voluniinoua impalpable powder. 

The preparation of milk of lime requires little or no de- 
Gcnption, as the operation is a simple and tolerably familiar 
one. Before using, it should be passed through a fine wire 
sieve, lo keep back eand, coal, and similar impurities which 
the lime invariably contains. 

Caustic soda is prepared by makers who work on the 
Leblanp system, in varioua forms, differing from each other 
in alkaline strength and colour, and of course in price. The 
loweat quality is what is known aa caustic ' bottoms ' : it 
consists of that purtion remaining at the bottom of the 
cauatic-pot after the olear fused oauslic soda has been ladled 
out, and it contains a considerable quantity of ferric oxide 
and other insoluble impurities. It is of a dark reddish brown 
colour, and contains 50-60 p.ct. of alkali (NajO). Its use in 
paper-making cannot be recommended, except for the 
jiaration of the very loweat grade of pulp. The solution 
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a at rest, in order that tlie insolu- 



a as crGatu cnUHtio, bo called 
It is usually Eold containing 
% tolerably friable mass, liav- 
ie u conTeniout form of alkali 



BUould be allowed to rei 
ble matter may subside. 

The next in quality is know 
from its slightly brown colour. 
60 p.ot. of alkali, in the form of 
ing a crystalline structure. It 
for the pnper-maker. 

The next in. order ia what is called 60 p.ct. white. It 
consists of a hard white mass, requiring considemble force 1o 
break it. Though whiter in appearance than cream Cdustic, 
it is in reality less pure, as it ooutains a considerable quantity 
of salt. It ia made by continuing the evaporation of the 
caustic liquor to a further point than is the case with cream 
caustic, the result being that the whole of the water is driven 
off. A small quantity of nitre is then added to oxidise the 
sulphides and other compounds which impart the colour to 
oream caustic. Common salt i3 then added to reduce its 
strength to 60 p.ct., in order to satisfy the trade, which con- 
vention insists upon an article of a given definite strength. 
On this account it is somewhat inferior to cream oaustic, and 
is, moreover, more expensive. 

A higher quality is white 70 p.ct. This resembles white 
SO p.ct. in appearance, but is much purer, and more expensive. 

The following analyses of different forms of caustic soda 
I and their relative prices will possibly be of interest ; — 
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CZtaiis.) 


(Divls,) 


(MKriBon). 




c™i. Kq)- 


ceul.ilii6l. 


"SHW 


Bodiom hydrale . . . . 


89-60 


7523 


70-00 




2-48 




5-00 


„ ohlorjde .. .. 


3-92 


17-40 


7-00 


„ Bnlphate .. .. 


3-12 


4-40 


E'OO 


„ eulphide .. .. 


0-02 


0-03 




„ idlicate .. .. 


O-30 


0'3D 




^ alnminhil,! 


tmoe 


tmoe 




Water 






15-80 


IqboIuUb matter .. .. 


uone 


none 


0-20 
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Their relative prices per ton f.o.b. Liverpool, in SeoemlneT 1 

!B6, were : — 70 p.ct. white, 81. 5t. ; SO p.ct white, 7t. Be. ; f 

60 p.ot, cream, 7 1. 

The following are the results of more complete analyses of i 
■ trade samples, carried ont in the authors' laboratory : 

Cawtie/rom Spieeri (Hunt i£ Co,'), 

NbOH 72-39 = Na,0 56-11 

Nb,CO, 6-25 = Nn,0 3G5 

Na,S — 

Na,S,Oj 2-W 59-76 

Nb,SO, 1M3 

Nb-80. 1-00 

NftCl 9-44 

Na,SiO, 1-08 

Na^l,0, -99 

Fe,Oj .. .. -21 

CaSO, -27 

MftO -03 

H,0 4-31 

100-00 

Caiulie/nm N. W. Paper Co. iMuipralti). Februars 1889. 

NbOH Ta-LM* 

NojCO, 8-225t 

NbCI 8-470 

Na^BO, 2-378 

NbiSOj 8-840 

8iO, 0-200 

AljOj 2-780 

Fe,Oj -180 

Water. *o. (diff.) 2-272 

100 000 

■ Fnm litmus let, tbU Inclmln I Sa-,Q u Na.SOs, also Xu.O aaSillcil 
+ WIT. beHtMn litmu mil pb. pb. " 



" Boifotm "from MeMurray, March 3], 1890. 



All the above-mentioned forms of caustic soda occur in the 
form of more or less bard masses, and are contsinerl in tbin 
wronght-iron drums, which are filled with the cauetio in a 
fused state. The soda is removed I>y breaking the drum 
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^itli a chisel and hammer. The lumps of caustic may he 
put direct into the boiler, though it is better to dissolve 
them previously in water and allow any iusoluble impurities 
.to settle to the bottom of the eolntion. 

At the present time therfl is a considerable industry ii 
concentraled solntiona of caustic soda : Solutions coutainiog 
30-40 p.ct. NaOH. Thus 'pure liquor 90° Tw.' is quoted to- 
day (December 31, 1898) at 3l. 1S«. per tou. Also there la a 
considerable supply of much purer forms of §olid c luatio soda, 
ench as are made by caiistioiaing ' ammonii soda.' The rela- 
live prices current we m«y note as under ; 



77 p.ct. CauBtio BoJa . 



7 la 6 



Instead of buyinj; caustic aoda direct, it ia the custom of 
some paper-makera to prepare it for themselves from car- 
bonate of soda, which can now be obtained in various forms, 
eome of great purity. 

It occurs as caustic ash, containing about 40p.ot. of alkali 
as carbonate, and about 10 p.ct. as caustic soda; soda-ash 
containing about 52 p.ct. total alkali, nearly all as carbonate; 
and refined soda-ash containing 57-58 p.ct. of alkali as car- 
bonate. Some forms of carbonate of soda, such, for example, 
na those made by the "ammonia process," (Sol vay) are of even 
greater purity. The methoi of converting sodium carbonate 
into caustic soda will he described subsequently.* 

Unless the arrnngementd for washing and draining the 
lime-mud are very perfect, it is probably cheaper for the 
pajicr-maker to buy his caustio direct from the maker. 

jFfljri'c Oxide Caueticieiag Process. 

The principle of this process is the expulsion of the 

carbonic acid from sodium carbonate by fcriic oxide at high 

temperatures; this oxide playing the part of a weak acid, 

entering into a loose combination with the soda, which is 

by water in the subsequent lixiviation process. 
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the fen'io oslde being regenerated and a eolution uf cauetic 
aoda olitaioeH, 

The ferric oxide is therefore oontiunouslj available. Tlie 

in features of the process, disregarding the queelion of 
commercial economy, ale (1) that it leaves no bj'-pi'odaotH lo 
be disposed of, (2) that it enables the manufactnrer to produce 
directly, without evaporation, a highly concentrated cauatic 
iye. 

Soda Reeoveri/.—ln former years, the liquors in which 
ragH, esparto, and other paper material had been boiled, ' 

into the nearest watercourse; but now, owing partly to 
the fact that is insisted upon by the Rivern Pollution Act of 
1876, snii partly because it can be made remunerative, all 
these liquors are preserved, and the soda they contain utilised. 
'I'he method adopted is to evaporate to dryness and ignite the 
residue. The eoda during the process of boiling takes up a 
large amount of non-K3ellalose fihre constituents and dissolves 
them as resinous compounds. These on evaporation and 
ignition become converted into sodium carbonate. From 
the previous account of the boiling processes it will be seen 
that in many cases one-half the orgtmic matter of the uriginal 
passes into sobition io the alkaline lye. The calorific value 
of this organic matter is considerable, and its combuEtitin 
therefore under regulated conditions may be mnde to furnish 
the greater part of the heat required for concentration of the 
liquor to the firing point. Slany raw materials, especially 
esparto and straw, contain a large amount of silica, a large 
proportion of which is dissolved by the soda in the form of 
sodium silicate, in which form also it is found in the re- 
covered soda. 

The apparatus for accouiplishing the evaporation varies 
with almost every mill. In some, it is very primitive and 
crude, consisting perhaps of only a furnace for incinerating 
the residue, and over it a pan containing the liquor, the latter 
being heated and evaporated by the heat from the furnace. 
It is obvious thai, with such an arrangement, a large quantity 
of heat must be wasted. To economise as much as possible 
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of this waste beat, varions plans have been suggested. That 
of Roeokner, of Newcastle, appears to be to a great extent 




efficacious. It consiBts practically of a series of shallow traya 
B (Fig. 67) placed in a brick chamber, alternated so as to 
allow the heated air from the furnace below to play upon the 
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its way to the chimney, with 
in connection. Abovethechamber 
containing these trays, is a 
large tank C, containing a 
store of the liquor to be 
evaporatei^, placed theie bo as 
still further to economise the 
heat ani f om wh oh the 
1 quor runs on to the trays 
Ihe furnace A s of the or 
d narj reverberatory fe nd 
bel w t and connected with 
t by a k nd of damper is a 
large cha her J where the 
calc ned rea due from the 
furnace a put to cool thus 
prevent ng any nuisance 
® from the smell of the bum 
^ ng mass The ol amber is 
1 rov ded w th a p pe L 
1 rougl wh h the vapours 
pasa Dto the furnace Seve- 
ral p pes E from the furnace 
] aKS h o gh the tank to 
assist n warm nf, the 1 quor 
The res due when cold s 
dra vn through doors from 
tl chamle below tha fur 
nace Ececkner ba^ devised 
an aj paratus (E g 68) con 
a b ng of a small chamber 
conta D ng a ser es of p pes 
A thr gh wl ch a streaia 
of old water c nstantly runs, 
his evaporator, for the purpose 
id thus preventingi toa 
■oiinding air. 
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A very economical form of evaporator is tbat invented by 
ion, a French Distiller, and named after him. It is aliown 
in sectional elevation and plan in Figa. 69 and 70. It is 
largely used on the Continent, and also in England and 
Scotland. It consiats of a lurge chamber k, tho floor of 
which is Blightly inclined from tho chimney shaft, and 
through which the waste heat from the furnace a passes, 

] The liquor to to evaporated ia run in nt the end nearest 
the chimney from tho tank placed above the chamber c. A 




liamber oFcast-iron fanners i,dip into the liquor and revolve 
"rapidly, usually at tho rate of about 300 revolutions per 
minute, producing and filling the chamber with a very fine 
spray, thus presenting a very large evaporating surface. 

Between tho furnace and the evaporator are plaoed the 
chambers c and /. In c a number of brick walla d are so 
placed that the flames from the furnace are intercepted and 
broken up, Th& object of this ia to give time for all the 
produots of oombustion to be thoroughly burnt up, which 
woald not be the case without the ' s moll-consumer,* as 
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these ohambers are called. This part is an addition to the 
original evaporator, aod waa devised by MesBrB. Menzies and 
Davis. The liquor after having heen concentrated in tlie 
chamber k runs iato a trough placed alongside the doors h 
and flows luto one or other of the furnace beds 6 where it is 
Btill further concentrated, and the residue ignited by the 
flamea from the fires a. The draught can be r^ulated by 
the damper 3, and also by one placed near the shaftj. The 
doors e, in the smell-consuming chamber, are for the purpcwe 
of oleaning out. The fanners i aie worked by a small steam 
engine, not shown in Ibe drawing. Under properly regu- 
lated conditions very excellent resnltH can be obtained with 
this evaporator. The temperiiture of the gases near the 
chimney ehould not be higher than about 85°. By mnniug 
thefannei-sat a very high speed the temperature of the gases 
may be even further reduced, thus ahowing the completeness 
of the evaporation. 

Thie form of evaporator ia open to the objection that the 
whole of the sulphur in the coal employed for the furnaces. 
finds its way into the recovered soda. It combines witli the 
aliali to form sulphife of aoda, part of which ia decomposed 
in the furnace with formation of sodium sulphate, sulphide, 
and other sulphur compounds. The same objection, of course, 
applies, though perhaps in a less degree, to all tystems ot 
evaporation in wliich the flame is in contact with the liquor 
to be evaporated. 

The Porioo evaporator can be erected at veiy small cosi. 
and costs but little for maiutenance. It is capable of pro- 
ducing J ton of recovered aoda per ton of coal with liquors 
of the usual strength. It has proved itself to beperhapsthe 
most economical evaporator existing. 

Some time ago there was erected in Lancashire an evapo- 
ralor invented and patented by Mr. Alfred Chapman. It is 
shown in Figs. 71,72, 73, and 74. The evaporation is eflTected 
at a low temperature in three vacuum pans E, and with the 
unusual result that the concentrated liquor gelatinises after 
Jeaviiigthe third vacuum-pan, instead of taking tbeordinary 
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f the concentrated products of other evaporatora. It 
4 said that this apparatus gives an exceUent product, with 
great economy of labour and water, and with no drainage of 
foul liquor from the buildinga. Olfflervations extending over 
three months havo proved that it evaporates 22 lb. of water 
' from^the liquor per lb. of coal used under the boiler. It is 
~8lowBver very costly to erect, 

The waste liquor is discharged into the tank A, whence it 




Figs. 71 and 72. 



IS pumped by the donkey-engine B, through the feed-heater 
C, into the boiler D, which receives heat from the incinerat- 
ing furnace H, and, in case of need, from an anxiliaiy furnace 
shown on the plan, under the feed-liquor-heater. The steam 
produced in D is taken to the first vacuum-pan at E, and 
having heated its contente, the products of evaporation pass 
over into the tubes of the second pan ; this, in its turn, gives 
up its products of evaporation lo the third, whence they go to 
the condenser of the vacunsL-engine F. Thus the heat from 



the furnace H ie used for incinerating the concentrated liquor 
on its bed, for heating the feed-liqnor in the feed-heater pipes, 
and for making steam out of the liquor itself in the boiler 




this steam finally drives the donkey-pump and voonum- 
engine, and causes the evaporation in the three vacunm-pans 
E. One advantage of this evaporator is the fact that the 
liquor is evaporated out of contact with the furnace gases. 
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"Evaporation hi/ Multiple Effect." 
In recent years there iiaa Leen a lai^je development' 
methods of evaporation based upon the ideal of an exhaustive 
utiliBation of the heat expended upon the liquors to be con- 
centrated. The princijjla of these methods is that of ' multiple 
eflfecta,' which may bo briedy explained as follows ; — A liquid 
is converted into vapour under ordinary conditions of boiling, 
by overcoming the presHutB of Ihu atmosphere upon its surface. 
The quantity of heat required to vaporise, as also the temper- 
itture of the ebullition, will he less as the pressure to be ovei - 
come is leas. Further, the vapour oontinuouslj- driven ott" 
carries witli itaquantity of heat, whiohisitsheatof condition 
01- latent heat. This heat it imparts to any colder body (e. g. a 
further quantity of the same liquid) with which it cornea in 
contact, direct or indirect ; if the quantiiy of the latter be 
relatively small, it will raise its temperature approximately 
to that of the ebullition of the first liquid. If now the pres- 
sure (atmospheric) on the surface of the latter he slightly 
reduced, by any meana, it will boil. The vapour from this 
can be made to boil a third quantity of the liquid, under a 
further diminished pressure. 

The successive eflects iu economic evaporation consist, 
therefore, in utilising the latent heat of a vapour given oft" 
from a liquid under a certain pressure (e.g. that of the 
atmospheie) to vaporise a further quantity of the liquid 
under a pressure maintained by mechanical means below 
that of the first. In certain methods the vapour does its 
work in the successive effects by passage through systoma 
of tubes, the hquid to be heated being in contact externally ; 
iu the Yarytin system, on the other hand, the arrangement 
is reversed. The liquid to he evapomted traverses the 
system of tubes which are heated externally by the vapours. 
At the end of each effect, the liquid is caused to impinge, in 
a Bpecial chamber, upon a disc: in this way a complete 
separation of liquid and vapour is eSeoted, each then passing 
on to the next effect, the former through the tube-system, 
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tbe latter to the chamber inolosing those. The flow of liquid 1 
is maintained by a force-pnmp, and the diminished preEsare I 
by a vacnnm-pump suitably disposed. This system differs 
from that described on p. 252, 'm that the evaporation is 
continuous, the dilute liquors entering the apparatus and 
tJio highly concentrated liquors leaving it in an unbroken 
stream. The rate of flow ia such that the evaporation of 
the caustic liquors from wood boiling from 8-10° to 80° 
Twaddell, in a quadruple effect, requires only a few minutes. 
At the latter concentration it is ready for the incineration 
jirooesB, which by means of a rotary furnace, such as tliat of 
Mr. J, W. Hammond, of the Grm of S. D. Warren and Co., 
is also effected continuously. It is found, moreover, that the i 
excess of heat available from this process is sufficient for the 1 
evaporation.' 

Whatever be the method of cvaporatiog or concentrating ■ 
the liquor, the final treatment in the furnaces is much the 
same in every case. The furnaces t^hown in Figs. 69 and 70 
may be taken to represent the ordinary form. The concen- 
trated liquor is run on to either of the beds b, where the laat i 
portions of water are driven off by the heat from the fire- I 
places a, and the residual mass ia ignited until all the 
organic matter contained in the liquors is carbonised and the 
soda is converted into carbimate of soda. This takes place in 
about 4 hours, according to the degree of concentration of 
the liquor as it is run into the furnaces. The running in of 1 
liquor should he done with great care, as explosions sometimea f 
oocur through the sudden liberation of steam on the liqnor ■ 
coming in contact with the hot beds. The charge should be 
allowed to remain in tlie furnace until it is thoroughly 
carbonised and all volatile matters have been driven off, 
otherwise a nuisance m!iy he caused when the still burning 
mass is exposed to the air. Rceckner's evaporator is provided i 

• A full aoKinnt of these me(li:id8 is given by Grifflo nod Little, loo, 1 
cit. pp. 165-170. TliB student raa; also cD[iBiilt a. treatise hy J. Foster on I 
" Evaporation bj the Multiple Sj-stetn," London ; Simpkin, Marshall and ] 
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with a special chamber into -which the charge is drawn (J, 

rig. 67). 

The composition of tlie recoveied soda varies with the 
nature of the liquors from which it has been obtaiced, and, as 
has been already pointed ont, with the form of evaporator 
employed. It consistB essentially of carbonate of soda, to- 
gether with a certain amonnt of silicate of soda, if derived 
from liquors in which straw or esparto have been boiled, 
chloride of Bodium, sulphate of soda, sulphite of soda, sulphide 
of sodium, and other sulphur compounds, the rest being made 
up of carbon and insoluble impurities. The amount of soda 
varies from 35 to 45 p.ct, (NajO). The following analysis 
will give some idea of the composition of Recovered Soda ; — 



•Sodinm csrboMte 72*33 = 42-H06 

Bodium hydrate 1-93 = 1-497 

Sodium chloride 8-30 

Sodinnifiulph&le }|-96 43-SOS- 

Sodinm BQiphlte -63 

Silioft 7-09 

Carbon 4-70 

Oxidu of iron and alumina 'CO 

Other constituenU (bj difforenoe) .. .. '67 

100' 00 

The whole of the soda present as snlphur corapounds is not 

lost, as a large proportion of it is present as sodium sulphite, 
most of which is converted into canstio soda by the caueticis- 
ing process. 

A certain amount of soda is carried forward, partly me- 
chanically and partly volatilised, to the flue leading to the 
chimney. This accnmulates, and may be from time to time 
removed in the form of fine dust. It contains, besides 
carbonate of soda, much sulphate and chloride. In two 
difi'erunt samples examined by the authors, the amounts of 
soda (Na^O) present were 25 ■ and 27 ■ 1 p.ct. 
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Cavtt'eimng. — The next process oonsieU in oonrertiiig tl 
•odium carbonate in the recovered soda into caustic n 

This operation ia known as ' caustic! sing,' and consists 
in heating a solution of the soda with lime. The decom- 
position which takes place is shown in the following 
equation : — 

**""'" 1 inu. Woip. OiosHo OWrno I 



NiijCO, 



CiiO 



H,0 



2NaOH + CaCO, 



It must be remembered that this is a reversible reaction 
and that caustio swla will attack calcium carbonate under 
certain conditions of concentration and temperature, to re- 
form sodium carbonate and lime. Hence the limits of g 
decomposition, which have been determined by G. Lirage as 1 
follows ; — 

r.ct. Kb.COj Sp. gr. btfon Pjii. Sodn 

In r.lcinor. OdtiHticLalDg. OiunlciHil. 



1-052 .. .. 


.. .. 99-0 


1'I07 .. .. 


.. .. 97-2 


1-127 ., .. 


.. .. 96-8 


1-150 .. .. 


.. .. 94-5 




.. .. 93-7 


— .. .. 


.. .. 90-7 



'The recovered soda should be dissolved in separate vessels, 
' Perhaps the best form of apparatus is a series of lixiviating 
' tanks such as are used for dissolving the alkali in black ash. 
J this means a nearly perfect exhaustion of the mass can 
be eiibcted with a minimum of labour. SpeL^inl tanks are 
Bometiiitos made for the purpose, provided with mechanical 
stirrers. 

It is essential in dissolving tho recovered soda that ahigh 
temperature should be employed, as other wise a poition of thft 
soda pi'osent aa eilicate of soda will be lost, as it is only with 
difficulty Holuble, and requires rather prolonged heating with 
water. Whatever the form of apparatus employed it should 
ba BO arranged that, after running off the strong liquor, 
insoluble residue may be further treated with water. 
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B of the Tata mentioned above, this procesB is made eou- 

B, pure water being run in. at one end, and strong liquor 

towing from the other. If other foi'ina are nsetl, the liquor 

r settling, may be run off hy means of a pipe puBBiog 
irough the bottom or side of the veeael, and near tho bottom 
md oODBisting of two parts, one lon^and one short. The 
lort part is atationaiy, and is t-onneeted to the longer part 
H of a movable knee joint, allowing it to be deflected. 
'The liquor having settled Mifficiently, the movable limb iB 
lowered beneath the surfuce of the liquor which is then 
allowed to flow through. As the surface of the liquor falla, 
the pipe is gradually lowered. In this way the clear solution 
can be run off without disturbing the residue at the bottom. 
The open end of the pipe is usually covered with coarse wire 
gauze, to keep back insoluble impurities. With properly 
caloined recovered soda, the solution should i>e bright and 
almost colourless. If at all brown in colour, and if it has an 
empyreumalic odour, it indicates imperfect calcination. The 
residue in the dissolving tanks consists chiefly of carbouaoeouB 
matter, together with some soda, insoluble matter, &c. 

The liquor is now ready to be cauHticised. This should be 
done in a separate vessel, although it is the practice in many 
mills to perform this operation in the tame vessel in which 
the solution of the soda has been conducted. A good form 
of cauaticiser can be made from an old egg-shaped boiler, by 
cutting it in two along its length. 

It should be provided with two or more vertical steam 
pipes, connected at the bottom of the boiler with a horizontal 
pipe perforated with numerous holes. The vertical steam 
pipes should be furnished with injeotora, whereby air is 
drawn in, and forced with the steam through the holes 
in the horizontal pipe. The stream of air serves the 
double purpose of thoroughly agitating the liquor and of 
oxidising any sodium sulphide in tlie recovered soda. The 
liquor before oausticising should be reduced in strength to 
about 20-25 degrees Twaddle, which may be done with the 
washings of the residue from the recovered soda, or from the 
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^^H irasbings obtained subsequently from tbe lime-mud. This 

^^V strength shonld necer be exceeded, otberwise imperfect 

^^H oonverBion into cauetio soda is the result. This is dne to the 

^^B fact that concentrated solutions of caustic soda react upon 

^^B oalciutn carbonate, forming sodium carbonate, and calcium 

^^" hydrate, the reaction being the reTerse of that indicated in 

the above equation. If tbe liquors are very strong in 

carbonate of soda, and comparatively free from sulphate, they 

should not be causticiaed at much ovor'20^ Twaddle, if they 

contain mnoh sulphate, and therofore less carbonate, the 

higher strength oan with safety be adopted. 

Tbe caueticising vessel should be provided with a stout 
iron cage or basket, into which the lime can be put. This 
should be securely fastened to the vessel, and should dip 
into the liquid. 
I Tbe liquur having been properly diluted, is now heated 

by means of the hteam pipes, and the lime put into its cage. 
It should be put in in lumps. As tbe liquor reaches the 
boiling point, the reaction will proceed rapidly, and the 
lime will gradually disappear ; fresh lumps should be added 
if necessary. If the liquor is sufficiently heated the caus- 
ticlsing will be complete in from two to throe hours. The 
liquor should be tested from time to time; this is naually 
done by a workman. Ha withdraws a sample of the liquor, 
and after allowing the calcium carbonate to subside, pour» 
off a portion of tbe clear liquid into a glass vessel. He 
theu adds an excess of either sulphuric or hydroohlorio 
acid. If any effervescence takes place, due to the evolution 
of carbonic acid gss, he knows that the operation of caus- 
tioising is incomplete; the heating must therefore be con- 
tinued. It is difficult, without an undue expenditure of 
time and steam, to convert the whole of the soda into 
caustic ; it should however be so perfect, that on testing 
only a very slight effervescenoo ocours. It ia quite easy tO' 
convert as much as 96 p.ct. of the soda, or even more (see 
p. 2C8). The actual amount converted can only be ascer- 
tained by a careful analysis of the liquor. 
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The amount of lime used is generally somewhat in excess 
■of the theoretical quantity ; 106 parts of sodium carbonate 
■{NajCOa) require 56 parts of lime (CaO) : it is necessary, how- 
to add about GO patta. A very good plan is to conduct 
two er even three oauaticiaings in the same vessel without 
cleaning out or removing the calcium carbonate, using in 
the first operation a largo excess of lime. The causticising 
being completed, the calcium carbonatu and escesa of lime 
are allowed to settle down, and the clear liquor run off by 
an arrangment such as that already described in the dis- 
solving process. Fresh solution is then ruD in and the 
whole mass heated for some time, until the excpfis of lime is 
converted into carbonate. Fresh lime is then added if 
necessary until the conversion of the carbonate of soda is 
complete. The liquor is then allowed to settle, and is run 
off as before: this operation may again be repeated. 

The residual calcium carbonate, or 'lime-mud' as it is 
called in alkali works, is then washed once or twice by 
running in water, boiling up, allowing to settle, and running 
off the clear liquor. If these liquors ai'a too weak for use in 
boiling fibres, they may be need for dilutingfresh recovered 
soda liquor before causticii-ing, or for dissolving the soda. 

Some arrangement should be provided for removing as 
much as possible of the liquor from the lime-rand before 
throwing it away or otherwise disposing of it. This is beat 
done by throwing it on a filter made of layers of stones, 
ashes and sand, and covered at the top witJi perforated iron 
plates. The filter is connected with a vacuum pump. In 
this way very perfect drainage is accomplished, and the mnd 
forms a hard mass on the surface of the filter, from which 
it can be easily removed with spades. In this form it con- 
tains only GO-60 p.ct. of water. If properly washed it 
should contain in this state only about 2 p.ct. of alkali 
(NajO). By careful manipulation, even this amount can be 
reduced. 

The importance of thoroughly washing the mud can hardly 
be too much insibted upon. Where proper means are not I 
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^^H employeil for draining, the washing sbould be made more 

^^P perfect. The lime-mud conaislB chiefly of carbonate of lime, 

^^ together with Hiiicate, free lime, &c. The following analyms 

is (if a mud obtained by cauaticising recovered soda derived 

from the Ii<ixiorK in which esparto and straw had been boiled : — 

» Calcium rarbonate 4002 
tWcium lijdtntB 5-13 
RliOft I'Ol 
SwIIiim hydrate . . . . 2 ■ 13 
Oxide of iron and slaniina 0-SO 
W.itcr JS'IO 
Oltiiri'onstitupntB 0-31 
](H>-00 
I As already pointed out the liqiiora contain a certain 
amount of soda, as sodium sulphide and other sulphur oom- 
pounda. The presence of the former, if in large quantities, 

• is objectionable, as it is liable to dieoolour fibree boiled in 
liquors containing it. It is therefore beet to remove it. This 
can be conveniently done by blowing air into the liquors 
during the process of cauBticisiiig : this has the effect of oxi- 
dising it to sulphate of soda, in which form it is harmless. 
The air caii of course be blown into the liquor by means 
^^^ of a pump ; the moat economical way is to connect with the 
^^^L(«team pipe aQ injector constructed on the i<rinciple of the 
^^^■■jnjectors used for feeding boilers and for other purposes. 
^^^r^y this means a strong current of air is drawn iu, and 
^^^H lieing forced with the stream to the bottom of the liquor, 
^^B 'passes threugb it in a number of fine streams. 
^^F If the amount of sulphide present be very high it may be 
^^^ necessary to prolong the osidjsing operation beyond the timp 
necessary for complete causticiaing. 

rin many paper-mills the cnuBticiaing is conducted in cir- 
cular veasels furnished with mechanical agitators. Theao 
are more expensive than the simple form described above, and 
they pOBseas no special advantages. The use of cauatioisera 
in which neither mechanical agitation nor agitation by means- 
of air is provided for is esceedingly waatefol of labour, time, 
'9III, and soda. The lime-mud settles at the bottom as a 
very difiicult lo mam'gMXB.te. 
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CHAPTER XII. 
PAPER TESTING. 



Theke are two points of view from which & paper may be 
tested ; first, of physical or mechanical pi'oporties j secondly, 
of material composition. "We shall consider the Hubject ac- 
oordiiig to this division, 

(1) Quantitative meafiurenients of such properties as re- 
sistances i« breaking arid taaring strains are soldom made by 
English paper-makers. In Germany, on the other hand, the 
matter has been very thoroughly investigated in connection 
with the work of the Konigl. Techn, YerBUchsanstalt, Berlin, 
and through the agency and influence of Prof. Sell and 
C. Hofmaiin, a department has been organised exclusively for 
the work of paper testing. The results of the tests are. 
becoming widely recognised by practical men and the trade- 

tbat country, as affuidiiig a tiue index of the quality of a 
paper. It is therefore of importance to give an outline of 
the method employed. 

The determination of the etiain or weight which a paper 

capable of eupporliug is a very obvious measure of the 
strength of the paper. Observations of the limiting strain 
or breaking weight are sometimes made by paper-makers, 
but the apparatus and method employed are usually crude. 
The simplest means consist in clamping the paper— a strip 
of standard length and breadth, arbitrarily chosen — at one 
end, the clamp being firmly held in a fixed support, and to 
the other attaching by means of a similar clamp, an ordinary 
Bcale pan, the whole arrangement hanging vertically. Into 
the pan, weights are added in due succession until fracture 
of the strip is determined. It is scarcely neeeaaarY ia i^vsA. j 



^^pe4 



PAPEB-MAKING. 



^ 



oat that the errors of esperiment with Buch a method are 
very great : indeed it has been found that oven with the 
refined apparatus about to be described the errors are not 
inconsiderable. However, by exhaustive investigation, ac- 
cording to the well-known ' law of errors,' these have been 
quantified, and a careful operator can therefore obtain results 
which are trustworthy. The apparatus in question is the 
Hartig-Keusch machine.* It is shown in sectional elevation 
and plan in Fisa. 75 and 76. 

The principle will be readily grasped by inspection of the 
diagrammatic representation of its essential parts — Fig, 77. 
The strip of paper is held horizontally by the clamps a and b, 
a being held by the fiied support A, 6 by the movable 
carriage B, B is connected by means of a swivel with the 
spiral spring F, and this again is similarly connected with 
the sorew, which is made to rotate hy the wheel D. By 
turning D, therefore, the spiral may be extended, and a 
corresponding strain communicated through B and b to the 
paper. The paper undergoes a certain elongation under the 



strain, and the carriage fi moves from right to left in oonse- ^^t 

quence. The rotation of the screw is continued, and the ^^M 

\ extension of the spiral proceeds until the paper is fractured, ^H 

^^^t At this point it is required to determine, (1) the elongation ^H 

^^^1 of the spiral which m the measure of the breaking strain, ^H 

^^^F and (2) the distance through whioh the curriage has moved, ^H 
J^^^ L e. the elongation of the paper. Both these effects are com- 
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municated to the pencil G, the latter directly, since the 
pencil-holder is in rigid connection with B, the former 
through the rod I, from which by a special arrangement, 
the hoiizontal is converted into a vertical motion of the 
pencil. This, therefore, traces a curve, of which the ordi- 
nates represents tbe strains, and the abscissm the elongations 
of the paper produced by the strain. 

The scale shown in Fig. TO indicateid the exact position of 
the clamp A. 

' A complete deacriptioD of this machiue is given in ' Civil R 
1873. 
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The values for the spiral Bpriog— i. e. ettenaion for a 
given Ibftd — having Iwen determined by previauB oliaerva- 
tluiiB in u special apparatae, the ourve obtained is at ( 
measure and a permanent record of tlieBe cardinal factors, 
breaking strain and elasticity. As with all otber suoh in- 
struments, the recording apparatus introduces certain errors, 
wkioli, however, by careful investigation and modification 
in aooordance with the results, have been reduced to a 
wtnimum. Nevertheless, the director, Dr. Mirtens, has 
recently adopted a simpler instrument, altogether similar 
in principle, but based upon a direct reading of the two 
movements, in which of course these errors do not appear. 
F'lr the student, however, the recording instrument ia the 
moro instructive, and wo have given it preference for de- 
■oription here, more especially as no difference in essential 
parts is involved. 

Those who wish to pursue the matter into the most in- 
teresting details of the investigations made upon the subject, 
are referred to the papers published by the Institute for 
1885. A useful abstract of these publications so far as re- 
lates to paper, has been made by the Society of Arts Com- 
mittee on ' The Deterioration of Paper,' and published in the 
report upon that subject." 

In testing the strength of papera by this or aimilar 
machines, it is important to observe the hygrometrio state 
of the atmosphere at the time the trials aic made, as this 
has been found to exert a considerable influence on the reaulta, 
a paper being weaker the moister the atmosphere. 

The results of the teste are expressed in the following 
terms : — The elongation ia given directly in percentage of 
the original length. This is uniformly taken at 180 mm., 
a length arrived at after laborious investigation, as mini- 
raising the errors of experiment ; in other words, as giving 
mean value with tlie minimum of variation. Fur the break- 
ing strain an ingenious expression has been arrived at, i 

• Jouni. Soc. Arte, 1 
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yiz. the length of tho paper which suapendei] vertically, 
with one end hanging freely, the other tixed, wotild deter- 
mine fracture at the fixed end. As the breaking strain 
would vary with the thictnesB, the nmnhers obtained in 
units of force or weight for btrijiB of constant breadth, would 
need correolion in order to admit of strict compaiison with 
one another. By sDhstitutiug an oxpTeBsion in terms of the 
paper itself — since a paper of greater thicineBa and requir- 
ing therefore a proportionately greater force to fracture it, 
weighs more per unit of area, and in the same proportion — 
all the numbers for breaking stiains are strictly comparative 
one with the other. In the eamo way also tlje question of 
width may be disregarded. 

A further mechanioal test, forming a part of the echeme 
of investigation, is the resistance of the paper to rubbing. 
This teat is an altogether empirical one, as the following 
brief description will show ;^A piece of the paper, about 
6 iiiches square, crumpled by successive folding in two 
directions at right angles, is grasped by the thumb and fore- 
finger of each hand, at a distance of 3 to 4 inches apart. It is 
then rubbed upon itself across the thumbs a given number 
of times (seven is the number chosen) and held up to the 
, light. If no holes are visible, the rubbing is repeated. The 
\ number of times necessary to repeat the rubbing until holes 
I appear is the measure of the resistance. A sufficient uni- 
I formity in the results of this test has been observed to make 
> it the basis of a classification of papers, in regard to their 
Li resislanoe to such disintegration; they are divided into the 
wfcllowing seven groups, beginning with the lowest ; — 

0. Estreniely weak. ] 4. Moderately strong. 

1. Very weak. 5. Strong. 

2. Weak. G. Very strong. 

3. Medium, | 7. Extremely strong. 

The classification of papers on the results of these teste 
' cannot be moie lucidly given than in the following scheme, 
under which the results are officially recorded : — 
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a. Mean breaking length (melreB)! 

ni>t leas than J 

b. HraD eloDDiatioii (p.ct) at froc-l 

ture not leas tliBQ J 

e. Eesistanoe to nibbing .. .. 

This claseifioatioli is based on tho results of some hun- 
dreds of obBervations. It is interesting to note the differ- I 
encea observed in the numbciB for a and h according to the ^ 
direction in which the paper is cnt for tho test, i.e. in the 
direction in which it was rnn oii the paper machine, or at 
right angles, i.e. across the web. The mean ratio for the 
breaking lengths (strains) may be taken as 1 : 1 ■ 6, i. e. the . 
paper is about 40 p.ct." weaker across the web ; the elonga- ■ 
tion under strain on the other hand is abont double. | 

It may be pointed out that lesistance to strains applied as 
in the testing maohine, is not a full measure of the strength 
of a paper as shown in. actual hbc. Thux it does not give 
full value to the influence of length of fibre, which is an 
important factor of reaistanco to shearing or tearing strains. 
Thia quality is measured roughly by the paper expert, by 
tearing the sheet in the two directions, noting the Had of 
tear and the tearing force which he employs. ] 

It m also of interest to note the influence of the glarang I 
{:irocess (p. 235) upon the quality of the paper as determined fl 
by these tests. ■ 

Pirst, we must notioe the effect of the treatment upon 
the snbatance of the paper itself. Tho mean reduction of' 
thickness is 23 p.ct. On the other hand, the reduction of 
weight, calnulated per unit of surfaco (square metre), is . 
fi ■ 7 p.ct., whence we may infer an increase of surface, flatten- % 
ing out, in the prooess. These quantities, but more particu- 
larly the latter, will doubtless vaiy with the various methods J 
of glazing and with the materials of which the paper ii 



* Id the statement of remits the mean of the numbers obtamcd in th( I 
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Tlie breaking length (Btraiu) shows a mean mcreane of 
altont S p.ct.; the elongation under strain, on the other 
hand, a dimiuntion of 6 p.ot. 

For an interesting discussian of the question of the rela- 
tive strengths of maohine and hand-made paper see ' Paper,' 
by Richard Parkinson. 

The thickTiess of a paper may be determined liy means of 
an ordinary micrometer, such as is shown in Fig. 78. The 
paper is placed in the jaws of the instrument, and the screw 
advanced until it touohes the paper. The thiukoess is then 
read off on the scale. Other forms of apparatus are eold for 
the same purpose. In naaking a determination of the thick- 
neae of a paper it is necessary to take the mean of a series of 
observations at different points of the sheet, as the thickness 



may vary a 
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The product obtained by mnltiplying area by thicknesB, 
determines the volume or cubio contents of the paper sub- 
stance: and the weight of the unit of volume being the 
specific gravity, this constant is readily deduced, 'Bulk' 
as currently expressed, is the inverse of this, i. e, volume per 
unit of weight. In every mill it is iuiportant to keep records 
of the numbers expressing thiH qualily. 

Special papers. — Such as are used for some special pro- 
perty, are tested with particular reference to that property. 
Thus blotting papers are tested by their I'clative capacities 
fur absorbing and transmitting fluids. Strips of the paper 
are cut of constant and equal length, and suKpended verti- 
cally. The lower extremities are then inserted in a vessel 
of water, and the lime is noted during which the water rises 
io a constant height, also the extreme height to which the 
water rises by capillarj- transmission is also noted. 
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Delermination of Compotilion of Papers. 

(n.) The analysis of a paper naturally divides itself intfl 
two parts:— (n) Tho determination of the uature of tbj 
fibrous materiul of whicli it is cr>mpoBed ; and (b) I he idea"! 
tifioation of enoh adventitious substanaea as size and filling 
materiaL 

(a) This again is divided into two sets of observations — 
microaoopical and chemical. 

A fragment of the paper is soaked for some time or boiled 
for a short time in dilute alkaline solution, and is then nare- 
fiilly teased out with a pair of needles, and the fragmeats 
laid on a glaiss sl'p with a drop of diluted glycerine. A 
cover-glass is then laid on and lightly pressed down so as to 
epreud the fibres in a thin layer. 

The microscopical features of the different fibres have been 
already described, and it is only necessary now to summaritie 
the chief characteristics of the more important materials. 

Cotton. — Flat riband-like fibres, frequently twisted upon 
themselves. Tlie ends generally appear laminated. The 
fibres are frequently covered with numerous fine markicga 
(see Frontispiece). 

Z^'nen.—- Cylindrical fibres, similar to the typical bast filn 
(see Fig. 6). The ends are frequently drawn out iaU 
numerous fibrillfe (see Fronrispiece). 

Esparto. — Esparto pulp consists of a oomples of bant fibrq 
and epidermal cells. These serrated cells are, as has 1 
already pointed out, characteristic of esparto, straw, and ■ 
similar fibres. Certain differences exist between thoee of 
esparto and straw, and even between the difierant speoies of 
straw, which enable tho microscopist to identity their source 
The most characteristic feature of esparto pulp is the presence 
of a number of the fine hairs which line the inner surface of 
the leaf (/, Fig. 10), some of which invariably survive the 
boiling and washing processes, although the greater portloi^ 
passes away through the wire-cloth of the washing e 
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The presence of these hairs may be taken as concltisivo 
evidanoe of the preeeuce of esparto, 

StrazB. — Straw pulp very closely resembles esparto-pulp 
in its microscopical features. The huirs above alluded to are, 
however, absent. On the other hand, a number of flat oval 
oellM are alwaya present in paper made from straw (6, Fig. 1 3). 
It shonld be borne in mind, however, that bamboo and similar 
pulps also contain these cells. 

Wood (Chmiiical).— Flat riband-like fibres, showing un- 
broken ends (see photogr^phB, Frontispiece), I'he presence 
of the pitted vessels (Frontispiece, and u, Fig. 1&) is eminently 
characteriatic of pulp prepared from pine-wood. The fibres 
of other woods are not sufficiently characteristic. They much 
resemble those of ]iine-wood, with this difference, that the 
pitted vessels are absent. 

Wood {Mechanical). — Mechanical wood-pulp may be recog- 
nised by the peculiar configuration of the torn ends of the 
fibres, and from the fact that the fibres |are rarely separated, 
but are generally more or less agglomerated (see Frontis- 
piece). Pulp from pine of course shows the pitted vessels 
already referred to. They are usually more distinct than in 
chemical wood-pulp. Occasionally fragments are to be met 
mth connected together with portions of the medullary 
rays. 

The identification of the ligne -cellulose ia rendered very 
certain by previously staining the specimen with a basic- 
aniline dye, or with the phlorogluoolj reagent (p. 86), or 
with a solution of a salt of aniline or dimethyl p. phenylene 
diamine. 

The microBOopioal examination of a paper is a matter of 
very great difficulty, and one requiring much practice. The 
student is recommended to study closely for liimself the 
microscopical features of pulps obtained from authentic 
specimens. 

A fair measurement of the relative pioportion of the 
various fibres present in a paper can be obtained from a 
careful microscopical examination. 
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Y6tillart ' wad the first to inaiDtain that a quaDtitatiTt^^l 
determination fcitliin a fair limit of accuracy is possible. ^^M 

The degree of accuracy attainable depends first upon the 
kind of mixture under examination, and secondly, upon the 
experience of the observer. 

In examining a paper under the microscope, it should be 
observed whether the fibres appear as fragmonls, or whether 
they consist of whole (bast) cells in which the tapered ends 
appear. 

■ Cotton and linen, owing to the great length of their ulti- 

mate fibres, yield, when beaten, fragments showing where 
the fracture has taken place. From the appearance of this 
fracture it is poHsible to ascertain whether or not the beating 
operation has been properly conducted. If the beater-knives 
have been too sharp, or have been let down to the bed-plat« 
too quickly, the fractures will appear as dean cuts, whereas 
when the operation has been properly conducted the fiaoturo 
will appear ra^;ed and drawn out. The bearing of this on 
^^_ the strength of the finished paper ia considerable. 
^^K Esparto, straw, and wood, whose ultimate fibres do not ex- 

^^^^ oeed 1-2 mm., Ghonld.in the majority of cases, appear as whole 
J^^f (bast) fibres with two tapered ends ; the beating, when pro- 
perly conducted, being confined merely to the separation into 
these nltimate fibres. 

(6) Tor the chemical identification of the fibres in writing 
and printing papers, the moat useful reactions are those with 
aniline sulphate solution. The fibres (celluloses) of the rag 
and wood groups give no reaction, but straw and esparto 
celluloses and mechanical wood-pulp can be identified by ita 
means. The authors have found that when a paper contain- 
ing straw or esparto is treated for some time with a boiling 
1 p.ct. solution of aniline sulphate, a red colour is produced. 
Esparto gives the reaction with greater intensity than straw. 
In this way the presence of a very small quantity of thesft 
^^ pulps can be detected with certainty. Since esparto and ^^ 

^H ■ ^tudcB BUT led Fibres Tugelalea Textilee, Paris, 1876 (FirmiifDiilotX ^M 
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IT cellnloBe give large jields of furfural in boiling witli 
lydrocliloric auid of 1 -06 ap. gr., a, determination of furfural 
gives a close approximation to the proportion of these cellu- 
loses in a pajmr containing only linen and cotton cellulusea in 
addition. The percentage is obtained by multiplying the 
furfural number by 8.* 

Meohanit-al wood-pulp, when treated with a solution of 
aniline sulphate, develops, even in the cold, a deep yellow 
colour. If a paper containing mechanical wooii-jralp so 
treated be examined under the microscope, the fragments of 
wood will be found to be deeply stained, whereas the other 
fibres remain colourless or nearly so. It must be borne in 
iniud that cellulose obtained from lignified fibres, if the boil- 
ing and bleaching processes have not been carried sufficiently 
far, will give with aniline sulphate a more or less intense 
yellow coloration. Various other reagents have been sug- 
gested for the identification of mechanioal wood-pulp, all 
based upon the production of a colour with lignose. Of 
these the most important is t)ie solution of the coal tar base, 
dimethyl p. phenylene diamine, the reactions of which have 
been previously described. 

The reaotionof lignose with chlorine and sodium sulphite 
solution already referred to (p, 54) may also bo made avail- 
able for the detection of mechanical wood-pulp in a paper. 
Imperfectly boiled or bleached pulps sometimes give this 
reaction faintly. 

QuantUative Eslimation of JSeckattical Wood-palp. — The 
determination of the amount of mechanical wood-pulp 
present in a paper is sometimes a matter of some importance, 
and it is also a matter of some difficulty. A general idea of 
the amount present can be obtained by oVisorving the depth 
jf the yellow colour prodaoed with aniline sulphate or the 
intensity of the magenta reaction with chlorine and sodium 
sulphite. Wurster's oolour reactions (supra) are more pro- 
nounced and the quantitative findings based upon them a 

• For delaiU of rorfnrftl estimntion eea ' Oelluloee.' 
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^^H generally accepted as affording a sofficiently close approsirai 
^^B tion. Test papers containing the diamina base together witV 
^^H a scale of colours corresponding to varying percentages of 
^^H the lignoceUuloee, are obtained from Schuchardt of Gdrlitz 
^^^B (Germany). It is also possible to calcnlate approximately 
^^H the percentage from tlie percentage of cellulcse contained 
^^H the BpecimeD. Mechanical wood-palp (pine) may he taken 
^^H to contain 60 p.ct. of cellulose. If, therefore, a paper aecer- 
^^B tained to contain a pure cellulose in addition to this 

Btituent, yield 75 p.ct. of cellulose on the ordinary test, it- 
may be assumed that about G2'5 p.ct. of mechanical wood'! 
^^^ pulp is present. 

^^^L The authors have proposed a method of estimating the 

^^^K amount of mechanical wood-pulp present in a paper, based 
^^^K upon the absorption of iodine in definite proportions by wood 
^^H in a finely divided slale, under etrictly regulated conditions. 
^^H The paper is carefully reduced to a fi.ne pulp and is then 
^^V left in contact with a standard solution of iodine in potas- 
^^^ sinm iodide. At the end of twenty-four hours the amount 

of free iodine is determined by titration with sodium thio- 
Kulphate and by deiluctjng this from the amount originally 

I taken, the amount absuibed is ascertained. As this amount, 
under strictly comparative conditions, always corresponds 
a definite amount of mechanical wood-pulp the amount preaenl 
can he readily calculated. 
2. Loading, Sizing Materials, £c. — ^The determination 
the amount of loading material in a paper has been alread; 
described (p. 201}. The identification of the material 
only be arrived at by a careful chemical analysis. The 
principal loading materials are china-clay and peail-harden ■ 
ing (calcium sulphate), and in coated or ' art ' papers, barium 
sulphate. The ash from a, paper containing china-clay is 
insoluble in boiling dilute hydrochloric acid ; that from 
paper containing calcium sulphate is soluble; the solution 
on cooling deposits long needle-shaped crystuls of CaEQ^ 
2HjO (20 '93 p.ot.) and gives with barium chloride a copi( 
precipitate of BaSO^ (barinm sulphate) insoluble in adi 



I 

I 




PAPEE-TESTING. 275 

and with ammonia and oxalate of ammonia a precipitate of 
calcium oxalate. To examine for barium sulphate the ash is 
fused with a mixture of sodium and potassium carbonate. 
The mass is boiled out with water. 

The presence of starch in a paper can be readily ascer- 
tained by its behaviour with a solution of iodine. If starch 
be present the well-known blue colour of the compound of 
iodine and starch will be produced. The determination of 
the amount of starch present is a matter of some difficulty^ 
the details of which are somewhat beyond the scope of the 
present work. It is based upon the conversion of the starch 
into sugar, and the estimation of the latter with Fehling'» 
solution. 

The authors have investigated the removal of starch by 
the action of saliva. The amylolytic action of this secretion* 
is favoured by a slightly alkaline reaction, and a temperature- 
of 30-40° C. The paper to be treated is treated with boiling 
water and after cooling to 40° a little sodium bicarbonate is. 
added to slightly akaline reaction, then a small quantity of 
saliva. With this it is digested 4-6 hours at 30-40° and 
then washed. The starch is estimated by the loss of weight 
sustained. 

The nature of the material with which a paper is sized 
may be ascertained in the following way : — 

I'he sample, cat up into small fragments is warmed for a . 
few minutes with absolute alcohol containing a few drops of 
acetic acid. The alcohol is allowed to cool, and is then 
poured into four or five times its bulk of distilled water. If ' 
any precipitate or cloudiness is produced, it indicates that; 
the paper has been sized with rosin. The alcohol dLssolves 
the rosin, which, being insoluble in water, is thrown down 
on dilution. The alcohol used may be obtained from com- 
mercial spirit by digesting it with lumps of quick lime and 
distilling from a water bath. 

The paper after treatment with alcohol should now be- 
boiled for some minutes with water : the solution allowed to> 
cool, and then filtered. To the filtrate a few drops of a. 
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9i>lutioa of tannic acid ara added, when, if the paper has I 
been sized with gelatine, a white ourdy precipitate will ba I 

formed. 

The os^imalion of the amonnt of aizing material in a paper I 
is a very complicated process and one which demands c 
siderable chemical experience for its proper conduct. 

The amount of gelatine present is best ascertained by I 
doterrainiiig the amount of nitrogen present by conihustion I 
with soda-lime, and from this, calculating the amount of ' 
gelatine. Pure gelatine contains 18'16 p.ct. of nitrogen 
(Muutz). The oomparison of one paper with another with 
a view to ascertain the relative degree of sizing, is usually 
performed in a more or less rough and ready way by moisten- . 
ing the samplea with the tongue for a certain time, and 
noticing the degi-ee of transparency produced, which is of | 
-course inveraely to the degree of " hardness." A more accurate 
method consists in placing a drop of a mixture of alcohol 
and water containing some colouring matter in solution and 
determining the time necessary for the colour to make its 
appearance on the other side. In this way more trustworthy 
compariaona can be made. 

Colouring Matterg. — The chemical characteriBticsof the chief 
colouring matters have been already described, 'Mineral' 
pigments will be obtained in the ash, in some caees without 
chemical change (smalts, iron oxides, &c.), in other oases 
in the form of the characteristic constitueut of the original 
pigments. Thus the pruesian blues leave a residue of iron 
oxide; the chromates may be more or leas 'reduced' to 
«hromia oxide. The coal tar colours and soluble dyes are 
recognised by oharacteristio reactions, for which the special I 
lest books dealing with the subject must bo consulted. 
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CHAPTER XIII. 

GENERAL CHEMICAL ANALYSIS FOR PAPER- 

MAKERS, 

A KNOWLEDGE of the luethods usually employed for the 
qualitative and quantitative analysis of the various che- 
mical substances met with in paper manufactuie is of con- 
siderable importance. The scope of this work will not 
allow us to enter fully into the necessary details of manipu* 
lation ; for these the reader is referred to standard works on 
analysis : we will merely indicate the methods. 

Lime. — In its commercial forms contains in addition to 
the active calcium oxide, water and carbonic acid, in combina- 
tion with lime, and substances insoluble in acids, derived 
partly from the original limestone, partly from the coal used 
in * burning ' it. 

Magnesian limestones yield a lime containing of course 
magnesia. 

These facts indicate the methods to be pursued by the 
analyst in valuing a sample of lime. Water and carbonic 
acid may be estimated jointly by the loss of weight on 
igniting to a white heat in a platinum vessel till constant. 
Earthy impurities such as sand by treating the lime with a 
dilute acid in slight excess, filtering off and weighing the 
insoluble matter. For an exact determiuation of silica, 
alumina, iron oxide and magnesia, the usual systematic 
separation must be followed. 

In actual practice it is usual to estimate the lime by a 
direct volumetric method ; a standard solution of oxalic acid 
being added to the lime previously slaked and brought to 
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tlie condiliim of 'niilk of lime.' As an indioator, plienol 
phthftlein is used. The reaction is carried out in a stoppered 
bottle, which is vigorously shaken from time to time. The 
oxalic add solution is added until the pink colour of the 
phthalein is discharged. 

Caugtic Soda, Soda Ask, Recovered Soda, dc. — These sub- 
fltasces are always valued by the amouat of real alkali 
^Na^O) that they contain, which is determined by titration 
u'ith a standard acid. 

In testing recovered soda, it ia necessary to boil the finely 
powdered ash for some time with water ; unless this be done, 
the amount of alkali will probably be under-estimiited, as 
part of the eoda is present as a ilifQcultly soluhlo silicate. 

It is sometimes desirable to determine the amount both of 
aodium hydrate and carbonate in a sample of alkali. For 
this purpose an excess of a solution oF barium chloride la 
-added to a sulution conttiining a known quantity of the 
substance under examination, and the mixture made up to a 
definite volume. It is then filtered, and an aliquot portion 
of the filtra'e titrated with standard alkali. The filtrate con- 
tains only the alkali that was originally present as hydrate, 
theearbonataof soda having formed with the barium ohloride, 
insoluble b >rium carbonate, and sodium chloride. 

Bleaching F'tedfT. — The value of bleaching powder de- 
pentla upon the amount of 'available chluritie' that it contains. 
This is determined by means of a standard solution of arsc- 
nious acid. The standard solution ia prepared by dissolving 
pure araenious oxide (Ab^Oj) in todium carbonate solution. 
To test the powder, a quantity, say about 5 grma., ia taken, 
and is carefully ground up in a mortar with a small quantify 
of water, more water is then added, and the coarser partiolea 
allowed to settle for a few seconds. The milky liquid ia 
then run off into a graduated fiask ; ihe residue ia again 
ground up ^vith water, and the operaliona repeated until 
the whole of the powder is transferred to the flask. The 
dask is now filled up to the proper mark, carefully shaken, 
and an aliquot portion withdrawn as quickly as possible. 
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^^^V It IB necessary to take both the soluble and iDsoluble 

^^^B portions in order to obtain uniform results. Standard 

^^K areeDious acid 

^^H ceaaos to produce 

^^H and starch papers. 

^^^r -A. very rapid and aatisfactory method is that of causing 

I the bleaching powder to liberate its equivalent of iodine 

from potassium iodide in presence of hydrochloric aoid, 
using HTifQcient excess of the iodide to dissolve the titrated 
iodine completely. The iodine is then titrated in the usual 
way with a standard solution of sodium thiosnlphate. 

The method of estimating the amount of available chlorine 
in bleaching powder by determining the quantity of ferrous 
sulphate it is capable of oxidising is fallaoious, as by this 
means calcium chlorate is included in the result, 

I In bleaching powders of low strength this test beoomes, 
however, of value as a measure of the spontaneous decompo- 
sition of the powder causing loss of 'available chlorine.' 
The 'chlorate' strength may be taken .is the diflference 
between the numbers for total oxidising chlorine and avail- 
able or hypochlorite chlorine. 
Bleaching powder should contain about 35 p.ct. of avail- 
able chlorine, but the percentage frequently falls below this 
amount, especially in warm weather. 
Great care should be exercised in thesampling of bleach- 
ing powder, as indeed of all chemicals, in order to insure an 
average result. Small portions should be taken Irom 
different parts of the bulk ; the whole should then be care- 
fully mixed, and, if neotsaary, reduced to powder. Portions 
of the mixture should be taken, pounded, and again 
thoroughly mixed. 
I If this process be repeated onoe or twice, a perfectly 

^^^^ uniform sample will be obtained. 

^^H Alum, Sulphate of Alumina, Alitm Cake, dc. — The points to 

^^H be oonaidered in an examination of such of these produota 
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U are perftclly soluble in water are (1) the percentage of 
Aluinica cuDtained in them ; (2) tbe percentage of iron, ami 
(3) the amount of free Bulphuric acid present. 

(1) The alumina is estimated as anch by precipitation 
with ammonia. Ferric oxide is also thrown down with 
alumina, and tnunt therefore be deducted from the amonnl 
of the mixed oxides ohtained, 

(2) The per<«ntage of iron oxide present is determined 
in the following way. A considerable quantity of the sample 
under examination is dissolved in. water, and to the boiling; 
BolntioD a large excess of caustic potash solution is added. 
The oanstic potash precipitates both the alumina and ferric 
hydrates, the former, however, redissolves. The solution is 
filtered, and the precipitate of ferric hydrate washed, dis- 
Bolved in dilute hydrochloric acid, aod reprecipitated with 
excess of caustie potash. It is again thrown on to a &lt«r, 
washed, redissolved in hydrochloric acid, and again repre- 
cipitated with ammonia. In this way it is obtained &ee 
from alumina.* 

An alternative method, to be recommended when the 
iron is present in larger proporlion, is the volumetric process 
with permanganate ; the ferric being reduced to ferrous oxide 
by reduction wiih zinc in presence of acid, the latter being 
then quantitatively re-oxidised by the titrated permanganate 
solution. 

(3) Free Acid. — This can be estimated indirectly, i. e. by 
eatimiiting the alumina and ferric oxide, calculating the 
amonnt of sulphuric acid necessary to combine with them, 
and deducting this fi'om the total amount of Bulphunc acid 
estimated. In the case of alum it is of course necessary to 
make due allowance for the sulphate of potash or ammonia 
present. The sulphuric acid is estimated as barium sulphate 
in the usnal waj-. 

An approximate method of estimating free acid consists 
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in digesting a n'eighed quantity of the finely powdered 
Sample in strong alcohol. The aloohol disBolves away the 
&ee acid, which can be estimated in the solution by means 
of a standard solution of alkali. 
Free acid can be detected by means of a solution of Congo- 
red, wliicli is turned blue with free acid, but not with pure 
salphate of alumina. 

Inaolahle Mailer is present in greater or 1o-b proportion 
in many of the ' alum -cakes ' of commerce. Such constituents 
are of course destitute of ' alum value.' They are estimated 
by boiling out the sample with water; collecting, washing, 
drying and weighing the undissolved residue. 

Sixing re«(.— GrifBn and Little recommend a direct 

measure of the sulphate of alumina in terms of rosin size 

I precipitated. The followiug are the praotical detaile of the 

^^H test as given in their • Chemistry of Paper-making ' pp. 831 , 

^K 882. 

^^H A standard size solution is prepared by dissolving about 

^^^ 25 grammes of good ordinary rosin in about 250 c.o. of 
strong alcohol. The solution is then filtered from insol'ible 
matter, and diluted with a mixture of 500 c.o. of strong 
alcohol and 300 o.c. of water to nearly 1000 c.c. A little 
phenolphtalein in solution is then added, and standard soda 
solution added drop bydrop.shakitigafter each addition until 
& faint jiiiik tinge is observed in the solution. This shows 
that all the rosin acids are combined with soda, and that the 
solution is one of neutral resinale of soda or neutral rosin 
size. The solution is now to be made to 1000 o.c. with the 
diluted alcohol mentioned above, and if not entirely clear, 
filtered again or allowed to stand nntil it settles clear. The 
clear alcoholic solution conetitutea the standard size solution. 
The valuo of this solution is next to be determined, best 
by means of >i solution of pure crystallised ammonia alum, 
one part of which alum we have found to precipitate 2'46 
parts of neutral rosin size. 

For this pnrpose the clear, colorlesa orj-stals should be 
coarsely crushed in a mortar, and the resulting powder pressed 
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^^H between two sheets of fillermg paper to remove any aocidentiil 
^^H moisture. Five grainnies are then carefully weight and dis- 
^^H solved to 500 c.c. Each oubio centimetre of tliia fiulutiou will 
^^H then oonlain O'Ol gramme of alum. 

^^H Two burettes are next filled, one with the size solution, 

^^m and one n-ith the alum solution. 

A flaBk of 150 to 200 c.c. capacity ia filled about two- 
thirda full of water, aod 20 c.c. of tho size solution is ran 
into it from the burette. Tho alum solution is next run in, a 
few drops at a time the mouth of the flask being closed with, 
the thumb and the flask vigorously shaken after each additioa 
of alum, and allowed to rest until the flocculent precipitate 
formed has risen clear, which takes but a few motaenta. The 
addition of the alum solution should be contintied until the 
precipitate on rising leaves the solulion entirely clear, with- 
out the slightest trace of milkinesa or opalescence. 

The number of cubic centimetres of alum X 0-01 equals 
the amount of ammonia alum required to precipitate the size 
in the 20 c.o. of standard size employed. This multiplied by 
the factor for ammonia alum, as above, eqiitls the quantity in 
grammes of neutral size in 20 c.c. of the standard solution. 

The actual test of au alum is performed in exactly the 
same way j a sulntion of 5 grammes of the alum tu 500 c.c. 
being employed, and, if necessary, filtered through a diy 
filter before titrating. 20 c.c. of the standard size solution 

I are always employed, and the actual amount of neutral size 
it contains having been determined as above, it is easy to 
calculate from the data given by ihe titration the amount of 
size which one part of the alum tested will precipitate. 
This test, as is evident, gives the absolute precipitating 
power of the alum, and does not discriminate between sul- 
phates of aluiuina iron, or other metallic oxides which may 
be present, or free acid, all of which have the power of 
precipitating size. 

Antichlor, Sodium TkioeuJphate, Sodium Siil/rkite, &c. — 
Sodium thiosulphate can be estimated by means of a 
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■(andard solution of iodine in potassium iodide. The 
operation should bo performed in dilute solution (see p 182). 

The same solution serves also for the estimation of Bul- 
j)harouB acid in sodium and other sulphites. 

Slarchea. — After having made a careful mioroecopieal ex- 
amination of liie sample, it should be examined for water by 
drying at 100° U., and for mineral matter by ignifing in a 
platinum crucible and weighing the residue. The water 
should not exceed 18 p.ct., and tbe ash '50 p.ct. The 
sample* should be carefully examined for ineiduble matter 
by dissolving in water and filtering. It ia also useful in 
comparing different samples of starch to convert the speci- 
mens into pastes, under exactly similar conditions. 

When perfoctiy cold, the ' stiffness ' of the pastes should 
be ojmpared. This may bo done by noting the relative 
resistance to weights placed upon their Gurface. Informatimi 
I on this subject is contained in a paper by W. Thomson in 
the ' Journ. Soc. Cbem. Ind.,' March 1881). 

The identification of starohes by means of their mioro- 
scopioal appearanoea is tolerably simple, as each particular 
kind poBaesses characteristic differences. 

Gelatine. — Samples of gela'ine should be examined for 
water and aeh. The water should not exceed 16 p.ct. and 
the ash 2 ■ 7 p.ct. The relative strengths of the jellies formed 
with water should also be compared. This may be done 
in the way indicated above for starches. 

Eaw materials intended for the preparation of gelatine 
may be similarly examined. They yield the whole of their 
gelatine on heating with waler. The effect of prolonged 
heating on solution of gelatine should be borne in mind. 
Tbe amount of residue left after treatment with water 
should be carefully determined. 

Soaps. — The Eoaps most suitable for use in paper-making 
are those known as curd and mottled, tbe former being 
chiefly used fur the fine qualities. They ehould be carefully 
examined for free alkali and unsaponified fat. Full desc-rip- 



1 



284 PAPEB-MAKING. 

tions are contained in Lant Carpenter's * Treatise on Soap* 
making.' 

DyeSy Pigments^ Loading Materiah, de, — These substances 
are best examined from a physical and tinctorial point of 
view, by comparison with specimens of nndoubted purity 
and ezoellenoe. 

The chemical examination is both difficult and somewhat 
misleading. A microscopical examination will often throw 
much light on their composition. 

For comparing the tinctorial power of pigments, weighed 
quantities should be ground up with starch or some other 
white powder. In this way the comparison of the intensity 
of colour is much facilitated. 



CHAPTER XIV. 



SITE FOR PAPEE-MILL, WATEB-SUPPLY, 
WATEB PUBIEICATION, ETC. 



In chooBing a spot on which to build a papor-mill, fJie manu- 
faetiirerhaa to take into consideration Beveritl very important 
cironmBtancoe. Chief of these is the necesBity for having a 
large supply of water at command. Not only is a large 
quantity needful, but it should be free from impurities, such 
as snspended matter and soluble Iron. The former, it is 
true, can be removed by settling and filtration ; the latter 
cannot, and is liable to injuriously aSect the colonr of the 
paper. Again, as a question of economy in working, it is 
advantageons to have convenient water-power; therefore for 
this, as well as for the former reason, paper-mills are usually 
eitnated on the bank of a stream. In ehoouing such a aite 
paper-makers are probably also influenced by the fact that 
it affords a ready means for the removal of impurities. In 
properly conducted mills, where suitable apparatus is em- 
ployed for evaporating the liquors in which the raw material 
has been boiled, the atream should not be polluted to any 
very great extent. Generally speaking, the greater the 
pollution, the more are valuable materials being lost to the 
manufacturer. It is obvious that the aite for a mill should 
also be chosen with reference to its proximity to meaus of 
transit for the raw and manufactured materials. 

The disposition of the different divisions of a paper-mill 
depends of course upon the nature of the paper it is Intended 
to make and to a large extent upon local circumstances. 
Kg. 79 will give some idea of the general arrangement of a 
mill for manufacturing eeparto paper. 
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importance of a pure and 




i 




copious supply is therefore 




= 


Ini 


very evident. 




= 


^^ 


The impnrilies of water 




Ie 


! & 


* oonsist of two classes, insoluble 


1 


i 


1 -^ 


and soluble. The former can 

be readily removed by pro- 

cesaes of settling and filtration. 

For this purpr^e most paper 

mills are provided with large 

^ ponds capable of holding seve- 

^ ral days' supply. These are 

fcl soraetimos suppleraentod by 

filtering beds of aand. In- 




V 


-M 


sj soluble impurities can also be 




pSrtL 


removed, by paaaing the water 


dS^ 


!p 


ihi-ongh filter-presses. 

Of late years a number of 
filters have been devised which, 




M 


1 ij 


^ while occupying much less 
ground space than that occu- 


W A 


•ij. 


t 




.-o 




pied by settling ponds and 


<m 


m 


L 


fiUers, effectually remove the 
greater part if not the whole, 
^ of the insoluble impurities. 


A 


^ 


— 




^ Of such we will briefly 


AmrW\ 


I 






describe a few typical in- 


[P1IV~7 


H 




5 


stances. 


^^ 
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^ 




Many of these are so 
^ arrang;ed that they can bo 
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Badily cleansed and the collected insoluble impuritieB 
rremoTcd. 

Wilson's Patent AutDmatic Self-cleansing Filter as manu- 

fflctnred by Messrs. Maason, Scott and Bertram is an example. 

Fig, 80 shown a side sectional elevation of the filter with 

pits automatic mechanism. The filter proper is an open top 



cast iron cistern containing the filtering medium. Above it 
is a flushing tank containing the water which cleanses the 
filtering medium of the impurities arrested and accumulated 
therein, at intervals varying, according to the state of the 
water being filtered. 

Entering through the valve regulating box A, the water 
passes on to the distributing board B, which runs the whole 
length of the filter. This serves to distribute the enter- 
ing water uniformly over the length of the filter. After 
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percolating through the medinm it is discharged into the | 
filter inain C. This filtering process continues until the ' 
medium becomes silted up with impurities, thereby obslmet- 
the free percolation of the water under filtration, which 
being thus ohatruoted, accumulates until it rises to a certain 
level, when it overflows a syphon which draws ofT a quantity 
of the water into the float chamber D, eufficicnt to laise the \ 
float E. 

The float thus raised closes the inlet and t 
and operates a valve in the flushing tank, by means of which 
the contents are discharged down the large syphon pipe F, 
and upwards through the filtering medium by means of a 
eeries of perforated pipes. The air occupying these pipes 
and the spaces in the cellular bottom underneath the filter bed 
being forcibly ejected by the downrush of water, performs a. 
most important function in thoroughly aerating and agitat- 
ing the filtering medium, thereby separating it from the 
impuritieB, which, being light«r than the medium, are floated 
upward and drawn off by the large syphou H, into the float 
box, from which it escapes to a drain. 

When all the impurities have been drawn off and have 
escaped from the float chamber, the float falls, causing the 
various valves to resume their normal position, and the 
ordinary operation of the filter is resumed. 

Thia cleansing of the filter, automatic from first to last, 
occupies from two and a half to three minutes. The quantity 
<.>f waler used for the cleansing operations is, when filtering 
water containing an average amount of matter in suspension, 
about 5 p.ct. of the total amount purified, hut when Altering 
waters that are comparatively pure this amount seldom exceeds 
3 p.ct. Ah the interval of lime between the washings de- 
pends upon the amount of impurities in the water, those 
filters are very suitable for dealing with waters obtained 
from sources which are subject to sudden and frequent pol- 
lution, and also for the treatmentof effluent discharges from 
works which have to meet the demands of the Rivers Pollu- 
tion Act, 
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Greig'8 Patent Filtering Appftvatua (No. 29,070, 1897) ^H 
eoiiBietB of a aeries of closed settling tanks, connected together ^| 
at the top hy pipes and furnished witli hoppeT'like bottom 
which serves to collect the insoluble impurities, which can 
be removed from time to time by sludge cooks. The last 
series of settling tanks is connected with a filtering tank 
provided with a number of compartments filled with ashes 
which serves as a filtering medium. These compurtments 
can be removed and replaced by others containing fresh 
aehea. 

This filt^ is also adapted to the treatment of efiluent 
waters, 

'j'he Reeves Patent Filters, manufactured by Messrs. 
Mather and Piatt, Limited, of Salfurd, is another example of 
the class of self-cleansing filters. 

■ Fig, 81 is an illustration of Boeckners Patent ( 'larifier. 
The cylinders C dip below the surface of the water to be 
purified, which is contained in the reservoir A, They are 
open at their lower ends, but are closed at the top by the 
domes D, Theae are connected with the pump I by means 
of the pipes H. On starting the pump the water rises slowly 
in the cylinders. As soon as it reaches the level of the top, 
the action of the pump is stopped and the cocks K opened, 
when the water commences to flow down the pipes G. which 
1^^^ together with the cylinders form a kind of syphon. If the 
^^Lneervoir A be kept full, the syphunp can be made to act 
^^H oonttnuously. The flow of water being slow, insoluble im- 
^^y ptirities have time to subside. 

The impurities may from time to time be removed by 
means of the small pump L connected with the bottom of 



The clarifier can also be used for the purification of the 
effluent water fiom piiper-mills. 

The soluble impurities of water consist roainly of carlion- 

ate and sulphate of calcium and magnesia, together with 

■ "traces of iron and organic matter. It ia a moot point among 

I paper-makers whether or not the presence of the two former 
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itt a water is objectionabto. For boiling and bleacbind 
purpoBee it nndoubtedly is, aa when mixed with caustic eodaj 
or bleaching liquor they form precipitates which lint 
ineidcB of builerB, breakerf, and potcbera as a hard i 
which IB always liable to become detached, and to find itsl 
way into the finiiihe<l paper. Moreover, carbonates of oalciiim I 
and magnesia are pncipitated in the fibre, and carry with 1 




them a certain quantity of colouring matter, the subsequent 
removal of which is difficult. 

Carbona'e of calcium, though practically insoluble in pure 
water, is soluble in water containing carbonic acid. When 
this carbonic acid is neutralised by lime or eoda, the carbon- 
ate is precipitated. The sulphate of calcium is unacted upon 
by lime, but by the action of caustic soda is converted into 
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free limo and Fodium Eiilphato. The lime then neutraliees 

the free carbonic acid in the water, and forma carbonate of 
calcium, which is of course precipitated. 

These reactions may be represented by the following 
equations : — 



Csldnm 0»rh>nic ^l^^ Colcinm 

GaCO, + CO, + CaO = 2 CaCO,. 



= CoHjO, + Na-SO, 

bjiJrntF. add. Mrbonate. Woter. 

CaH,n, + CO, = CaCOj + H,0. 

If sodium carbonate be need instead of cauatic soda, the 
Lposition will take place thus : — 



CuSO, + NftjCOi = t ^bGOj + N,i,SO,. 

It will be seen from the above equation that in the boiling 
processes the lime salta are removed from tho water at the ex- 
pense of an equivalent quantity of caustic soda. The same 
thing applies also to the isalts of magnesia. Tho amount 
thus decomposed is not perhaps sufGciently large to make 
it advisable on that account to purify the water. It is in- 
deed so small that processes of purification, based upon the 
use of lime and caustic soda, are now largely used, the ooBt 
for chemicals rarely exceeding Id. per 1000 gallons. But for 
the reasons we have stated above, and also from the fact that 
it aerres to remove dissolved iron and organic matter from a 
water, such a purification process is ir. certain oases advisable. 

The processes now in use consist, as we have indicated, in 
the addition to the water of limo and canstic soda or carbon- 
ate of soda, the quantities being regulated according to the 
hardness of the water and the relative proportions of the 
trbonat^B and sulphates of calcium and magnesia. 

The method of removing carbonates from water by tho 
>i 1. 
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addition of lime is dne to the late Dr. Clark, of Aberdeen, | 
and the proceBu is still called after him. It is in use in its 1 
original form in many places. The plant necessary conHiats 

ply of a tank for mining the water and the lime, and of 
large settling tanks in which the carbonatea of calcinm 
and magnesia subside. 

Various modifications of this process have been propoaed, 
chiefly in the direction of improved plant. 

In the Porter-Clark process the precipitate is removed by- 
passing the water after the addition of lime (in the form of 
lime-water) through a filter-press. 

In Fig. 82 is shown the Stanhope purifier, which is largely 
naed for the purpose of softening water. The following 
details will render its action clear : A is a store tank con- 
taining caustic soda sulution. B is a tank into which the 
wafer to be treated flows and which ia maintained at a con- 
stant level by means of a valve and float. C and C are two 
tanks which are used alternately, and in which lime water ia 
prepared. A definite quantily of caustic soda solution is added 
from E ; this mixture forms the reagent by which the soften- 
ing of the water is accomplished. I) ia a small tank for the 
pnrpose of maintaining a constant head of reagent. The r©^ 
agent and the water are mixed together in the pipe F, the 
quantities being regulated by the cocks shown at H. The i 

pipe F leads into the vessel E, which is fitted with a number 
of V-shaped shelves, placed at an angle of 45', and riveted 
alternately lo opposite sides of the vessel. This arrangement \ 
causes the water fotake a serpentine course. The position of J 
the shelves is indicated bj' the dotted lines. 

As soon aa the mixture of water and loagent flows down I 
the pipe F, and enters the veasol E, the calcium and magne- 
sium carbonates commence to precipitate and settle apon 
the V-shaped shelves. At the top of the tank a layer of I 
wood shavings, inclosed in wire netting, is placed as shown ( 
by the dotted lines. This acts as a filter, and intercepts any 
particles that may not have subsided. The clear purified | 
water pOBsee away by the pipe I, 
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^^^1 The precipitate that ooUeotfl on the V-ahapod i^AteS' ia 

^^P from time to time dtawo uff by the cocks shown at G ; this 
^^^ may be done without iuterfering with the working of the 
apparatuB. While there can be no doubt that the use of soft 
water is advantageoua in the boiling, washing, and bleaching 
I processes, and also of course fur supplying steam boilers, it is 

probably an advantage to use a -hard water for diluting the 
polp before running it into the raachioe. 
^^^ Continuous softening processes such as that just described 

^^K are open to the Berious objection that unequal results are 
^^Hl irequently obtained owing to ohanges in the composition of 
^^V' the solution of chemicals or of the water itself. 
I Such an objection is obviated by the process of Messrs- 

Archbutt and Deeley, the plant for which is manufactured by 
Mesars, Mather and Piatt, Ld. of Salford. The plant consists of 
two large tanks, one of which is being softened, while at the 
same time the other is being runoff. The precipitate formed 
by the action of the lime and alkali used in softening is allowed 
to accumulate up to a curtain point, and by the ingenious 
device of blowing up the jireoipilate by means of a current 
of steam and air it has been found that the freshly formed 
precipitate is carried down with such rapidity that practi- 
cally clear water can be drawn off in about half an hour. 
By this means considerable economy in tank space is efiected. 
Each tank -lull of water can be tesled and the proper amount 
of chemicals adjusted so that uniformity ia compositio 
the softened water results. 

In the case of papers which are loaded with any of the 
forms of calcium sulphate (pearl-hardening, crystal-hard ei 
&o.) the use of very soft water is objectionable from the fact 
that a certain quantity of calcium sulphate ia dissolved. This 
would not take place to the same extent with water which 
ia already charged with sulphate and carbonate of calcium. 

The removal of soluble iron from a water is effected by 
the softening processes described. 
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ACTION OF CaPBAMMONIUM ON CELLULOSE. 
PREPARATION OF WILLESDEN PAPER. 



The Kction of a solution of copper oxide i 
cellulgeo has been already referred to (eee p. 10). Celluloses, 
and also certaiu lignooelluloaes, when treated with such a 
sulutiou, gradually gelatinise and finally dissolve. Ou 
evaporatiug the solution to dryness, a gummy amorphous- 
maEs is obtained, eontaining the cellulose intermixed with 
copper oxide. 

If the coUnlese be in excess, e, g. when the solution is. 
evaporated on the surface of paper, calico. Sec, merely dipped 
in the solution, the copper oxide is often not formed at all, 
bnt a green vamish-like mass of cellulose combined with 
copper oxide, which coats the surface of each filament, weld- 
ing and cementing tbem together. This cement-like cupro- 
cellulose, as it may be termed, being insotublc in water com- 
municates water-resisting properties to the material so 
treated : moreover, the presence of copper renders the fabric 

L less prone than before to be attacked by insects and mould, 
that animal and vegetable lifo of a parasitic nature and 

I fungoid growths are rarely, if over, to be observed, even 

i when the material id kept under conditions where boring 
worms, ants, rot and mould, would be likely to attack it. 
Ah has been already indicated (p. 9), the solution of 

I ouprammonjum hydroxide is preferable to one containiug 
ouprammonium salts; not only is the action on oellulosa 
more energetic, but various other advantages are obtained. 
Preparation of the Copper Solution. — The cuprammonium 
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prepared acL-ordiug to the patent of Dr. 0. R. 
Aider Wright (No, 737, 1883). 

A Belies of cast-iron towers, two to three feet in diameter 
and ten to twelve feet high, iii bo arranged that a current 
of air can be blown by a powerful engine succeBsively 
through the whole Beries. The towers are then nearly filled 
with fragments of metallic copper (orumlileJ up sheet, nut- 
tings, &c.), and solution of ammonia ; the air-ourrent being 
tamed on, oxidation of the copper and solution of the oxide 
80 produced are rapidly effected, 

The ammonia solution employed is pre>io«Bly impregnated 
with a c'lneiderable quantity of copper by passing a Etream 
of water over scrap copper in similar towers, a current of 
ammonia gas misod with a anitable proportion of air being 
it the same time forced in. The liquor passing from one 
tower IB used over again to supply a second instead of water, 
on through the series : finally the liquor is brought 
Up to full copper strength in the series of towers described 
•bove. 

The spent air issuing from the towers carries with it a 
notable quantity of ammonia; this is iutorcopted by means 
-of an " exhaust '' scrubber oontaioing copper, and well sup- 
plied with water, whereby a comparatively weak solution of 
ammonia and copper is obtained, which can be nsed instead 
of water in the first series of towers. 

In order to produce the maximum effect on the cellulose, 
the solution Bhould contain from 100 to 150 lbs. of ammonia. 
and from 20 to 25 lbs. of copper per 100 gallons. 

By decompoaing a cuprammonium solution by means of 
metallic zinc, a correeponding solution of zinc-ammonium 
hydroxide can be obtained. This solution is also capable of 
gelatinising cellulose, but not to the same extent as the 
copper solution. It may, however, be advantageously em- 
ployed in certain cases in conjunction with a copper solution. 
Such a solution can be conveniently prepared by substituting 
brass for copper in the dissolving-towers. It is worthy of 
note that although, as. we have seen, zinc has the power of ,1 
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replacing copper in a cuprammonium Bolution, iron ia without 

any action, although it readily replaces copper in a solution 

of oopper Bulphate. This fact ia of very great industrial 

T importance, as it enables the manufacturer to employ vcsHels 

|t(md machinery of iron. 

The ' Willesden ' goods may be divided into two classes. 
Goods of the first class, such as rope, c<prdage, netting, &o., 
are prepared by simply dipping the made-up materials in a 
bath of cuprammonium solution, using certain precautions 
as to the mode of immersion and its duration, and the 
strength of the solution. On subsequently drying the dipped 
fabrics, they are obtained coated and impregnated with 
.ou pro-cellulose, which thus not only furms a kind of vamish- 
I like surface dressing, but furthur adds strength to the fibres 
' by more or less intimately cementing them together. 

Goods of the second class constitute a much more impor- 
tant group to which at present the Willesden Company more 
especially devotes its attention. These fabrics arc esaentially 
of three kindw, viz. Willesden Canvas, Willesden Scrim, and 
Willesden Paper. The two former of these classes are pre- 
pared in much the same way as the goods just described, 
saving that the fabric to be treated is usually unwound from 
one roller and rewound upon anolher, after passing through 
the batb and over a succession of drying cylinders. 

Willesden Paper. — This may be divided iiito two depart- 
ments, viz. (1) Willesden unwelded ; (2) Willesden welded, 
tbe first class being prepared from a single web of paper by 
passing it through the bath, rolling and drying. Certain 
coarse varieties furnish a waterproof material excellently 
adapted fur lining packages, &c. Finer qualities furnish 
envelopes and stationery, possesbing the valuable property of 
not being afiected by water. Letters written on such paper 
L would remain perftctly legible, even after prolonged im- 
I mersion. It may be interesting to point out here that the 
B cuprammonium solution ofiei's a very simple means of fasten- 
W ing envelopes in such a way as to be proof against any 
I attempts at tampering. The method consists in using » 
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I {a) Imports of ootton and linen rags 
^ 18S0. 1S31. 

Bat a portion of these imports waa exported again, the 
ugiiree being as follows : — 

(a) ExiKirta of rags aad other paper-making material 
produced in the United Kingdom: 



mx 1884. 

13 bins. 36,233 Ions, 

121. 187,8061. 

Wj^) Esparto and other material : 



I 



1SS2. 
49,352 toi 
526,554;, 



(b) Exports of ditto of foreign and oolonial produce : 



The relative proportions of raw material furnished by 
the various countries in 1884 (the lateat available return) are 
shown in the subjoined taljles ; — 
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(a) Imports of linen and cotton rags in 1884 : 

From Tons. £ 

Gennany 21,280 294,883 

Holland .. 4,406 56,537 

Belgium 2,867 34,713 

Turkey 2,036 16,228 

France 1,875 28,133 

Bussia 1,784 33,293 

Channel Islands .. 282 3,972 

Norway 261 3,377 

Denmark - 198 3,020 

British South Africa 133 1,615 

Australasia ' 113 2,245 

Canary Islands 96 1,043 

Spain 93 1,009 

Argentine Bepublic 64 1,280 

Other Countries 745 6,518 

36,233 • 487,866 



(h) Import* of esparto and other fibres in 1884: 

From Tons. £ 

Algeria 88,357 515,232 

Spain 40,159 314,927 

Tripoli 33,930 172,282 

Tunis 20,526 117,374 

Other countries 1,033 5,738 



• « 



184,005 1,125,553 



(c) Imports of other materials, including rag and wood 
pulps, in 1884 : 

From Tons. £ 

Norway 47,923 276,204 

Belgium 7,169 58,383 

Holland 6,484 46,104 

Sweden 5,178 48,523 

Germany 3,732 36,582 

France 2,128 14,667 

Denmark 1,205 13,332 

British India 1,046 7,735 

Egypt 870 4,933 

Other countries 804 6,544 

76,539 513,011 
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^^^H A considerable esport of raw material for 


paper-making 


^^H also takes plaoe from Britieli shores, the Bgures, embracing 


^^^1 rags and other materials, ibr 1884 being as below : — ^g 


^^^B (a) Exports of home produce<l rags and other 


paper-making ^H 


^H materials in 1884: 


■ 


^^M 


■ 


^^M United states fl0,222 


550,924 ^M 


^^m HDllanil 640 


2,703 ^M 


^^H Briliib America 3G0 


1,255 ^1 


^^M GtmiBD]' 262 


1,673 ^1 


^^M Other oouDtrlee 401 


3,318 ^H 


■ 


562, 9<» ^M 


^^B (b) Exports of foreign produced ditto in 1884: ^| 


^^H (i.) Linen and cotton rags. 




^^1 TlHli. 


£ 


^^1 United States 11,191 


167,801 


^^M other countries 514 


5,519 


^^B 


173,320 


^^H (ii.) Esparto and other fibres. 




^^^P Ti>nB. 


£ 


^H Allwuntries IID 


701 


^H (iii.) Pulps and other materials. 




^H 


£ 


^H United States 11,290 


■)7,fi20 


^V Other countries 3fi3 


3,023 


11,653 


100,613 


Our imports of 'rags and other paper-making materials ' ■ 


from Norway increased from 23,483 tons, valni 


B 138,098/., in 


1880, to 43,199 tons, 279,679^., in 1884, mainly 


owing to the 


development of the wood pulp industry. Later figures will 


probably show a similar increment. The same 


1 articles from ^H 


Denmark grew from 359 tons, 3406/., in 1880, 


to 1403 tons, ■ 
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16,3521., from the eame cauae, Geiman statietics have even 
a Btronger upward tendency : 1 1,587 tonp, 196,051/., in 1 880, 
againat 106,051 tons, 331,5911, in 1884. Our receipts of 
esparto from Algeria show an advance, but not a marked one, 
l*ing60,6]2tonB, 42I,343Z..in 1880, and 88,357 ton8,515,232(., 
in 1884. But Hhipmenta of the ^ame fibre from Spain show 
a decline from 51,413 tuna, 454,713/., in 1880, to 40,]59 tons, 
314j927/., in 1884; and from Morocco they have fallen away 
from 2879 tone, 18,231/., in 1880, lo 260 tons, 1290/., in 1884 ; 
while the tigui'ea relating to Tunis and Tripoli aleo show a 
disposition to recede, though not at such a rapid rate. 

The wood pulp industry of Norway for the year 1886 
hhowB a very large increase upon the figurcB of a few years 
baci, albeit prices have luled very low. This latter circnm- 
Btance is attributed, not bo much to over-production, as to 
excessive competition among the tellers of this article. The 
quantity exported dm ing the year 1886 is about 120,000 tons 
in the year 1886 it was 1C7,651 tons; 1884, 88,220 tons 
1883, 70,464 tons; 1882, 68,884 tons; "l861, 42,194 tons 
1680, 26,055 tons. Several of the old works have extended 
their production during the paht year, and several new 
establiBhments are in the course of erection, so the produc- 
tion this year may probably be put at 150,000 tons ; wood 
pulp with 50 p.ct. water. The greatetit part of the Nor- 
wegian wood pulp is expoi ted lo England, France and 
Belgium; in Euasia, the increase in the dnty has stopped 
faiisiness, and the same can almost be said of Germany. 
America, too, has drawn part of her supply from Norway, 
■but this trade is not expected to continue. 
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Taper Trade of the United Kingdom. 

The following classification of production will be of 
interest. It represents the results of very careful computa- 
tion from statistics for the year 1895 : 

Brown 20 

Grey (wrappings) 23 

Printings (news) 16 

„ (fine) 21 

Writing 20 

100 

It is interesting to note that these five main classes of 
papers are produced in approximately equal tonnage. 

Manufactured MatetiaL 

Our import trade in manufactured paper has been grow- 
ing of late years, as the following figures will show : — 

Imports of paper and pasteboard, of all kinds except 
hangings : 

1880. 1881. 1882. 

1,021.952 cwt. 1,065,912 cwt. 1,098,118 cwt. 

1,159,646/. 1,138,943/. 1,202,905/. 



1883. 1884. • 

1,160,104 cwt. 1,447,335 cwt. 

1,245,861/. 1,403,4462. 

At the same time, our exports of manufactured paper, 
though amounting to only about one-third the weight, have 
veiy nearly as high an aggregate value as the imports, and 
have increased in much the same proportion in corresponding 
years. Thus : — 

Exports of paper of all kinds but hangings : 

1880. 1881. 1882. 

472,168 cwt. 555,219 cwt. 584,947 cwt. 

1,106,9961. 1,242,9622. .1,305,0252. 

1883. 1884. 

597 , 923 cwt 670 , 760 cwt. 

1,284,8622. 1,374,3922. 

Z 
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The above figuree relate to paper manufactared in 
United Kingdom. In addition, there were re-exports ( 
paper of foreign and colonial manufacture to the followinj 

Ee-esportB of foreign-made paper ; 



Sowt. 
16L 


68,Bfilow(. 50,403nwt. 
101M97I. S2,im. 


1883. 


ISSi. 


49,52Gcnt 
76,020?. 


51,467 nwt. 
78,785L 



Taking the latest year for whioh detailed etatiBtics arefl 
available, viz. 1884, we find that the imporfations of papi 
are derived from foreign states id the following proper* 
tiona : — 

Imports of paper in 1884— 

(o) Writing or printing paper : 



Germany 


i»2,681 


129,112 




42,139 




Sweden 


27,747 


36,682 


Holland 


2B,507 


34,884 


France 


6,4{i3. 


28,92.') 


Austria 




9,314 




4,300 


4,771 


Other countries 


3,174 


5,655 




208,410 


317,713 


(&) TJnenumerated sorts : 






Germany 


13tl,l,i6 


209,916 








Belgium 






Holland 


54,594 




Norway 


32,294 


26,765 


Frftnce 


19,328 


69.763 


Unitcti States 


10,980 


31.201 


Austria 


5,927 


12,012 


Spain 


73i! 


4,090 


oXrcounVrieB'* '.'. '.'. '.'. '.'. 
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4,736 


8,547 


5,995 
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(c) Pasteboard and millboard : 

From Cut. £ 

Holland 439,749 201,894 

Germany 235.658 116,185 

Belgium 51,235 25,350 

Sweden .. .. 32,331 20,241 

Norway 8,260 5,726 

France B,262 19,259 

Other oonutried .. 2,696 2,663 

773,191 391,318 



The exports of home-made paper in the same year were 
distributed as follows : — 

Exports of home-made paper in 1884 — 

(a) Writing, printing and envelopes : 

To Cwt. £ 

Australasia 280,024 545,830 

France 44,427 101,833 

Bengal and Burma 33,963 71,834 

Bombay and Soinde 29,7«7 64,227 

British South Africa 16,900 33,041 

British North America 14,871 44,511 

Madras 10,532 25,651 

Argentine Republic 8,683 30,954 

United States 6,985 31,722 

Sweden and Norway 6,1U1 11,870 

Belgium 5,981 13,926 

Gennany 5,969 14,188 

British West Indit« 4,706 13,411 

Ceylon 4,6C8 10,919 

Other countries 31,397 93,454 

504,973 1,107,371 



(5) Pasteboard and millboard : 

To Cwt. £ 

Austmlasia 14,542 20,771 

Bengal and Burma 5,147 4,589 

Bombay and Scinde .. .. .. 4,572 4,134 

France 987 2,809 

Other countries 5,571 13,367 

30,819 45,170 

x,2 
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(c) Unenumeratod, and articles made as paper: 

To Cwt. £ 

Ansfralasia 6>,731 81.385 

British South A fiici 9,341 11,809 

Bombay ami Scinde 7,146 10,389 

Argeutine Republic 6,283 8,113 

Germany 5,147 11,394 

Belgium 5,122 11,300 

France .. .. .. 5,052 16,238 

Bengal nnd Burma 5,006 6,678 

Uiiite<l States 4,841 14,668 

British America 3,737 7,801 

Holland 2,410 5,529 

Other countries 18,152 36,547 

134,968 221,851 



The re-exports of foreign and colonial-made papers during 
the same period went to the following destinations : — 
Ke-cxports of foreign paper in 1884 — 
(a) Printing and writing: 

To Cwt. £ 

British India 10,488 14,643 

Australasia 4,908 7,695 

Other countries 3,2:i6 7,554 

18,632 29,892 



(6) Unenumerated : 

To 

British India 

Egypt 

Australasia 

Eiissia 

Other countries 



Cwt. 


£ 


5,852 


7,354 


5,167 


7,751 


2,131 


4,398 


1,560 


7,829 


8,465 


15,825 



23,175 43,157 



(c) Pasteboard and millboard : 



To Cwt. £ 

All countries 9,660 5,736 



^H (2) Special 
^^B^ mill and its e 
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(2) .^cia/.— Classified returns of tlio working of a paper 
mill and its several departmeuts, are just as iieoeGBary for 
the full control uf the luanufActui'e aa nre the ' account books' 
with the periodical balance sheet, for the proper working of 
the ' business ' of the mill. Such returns fall obviously 
under the main heads of law materials, labour, chemicals 
and steam. The further enbdivision of the returns will 
take into account the various sections or clepartments of the 
mill; thus, ths 'boiling' or half-stuff pjant; bleaching, 
beating and moohinea, will he separately dealt with. In 
an esparto mill there will be special returns for the soda 
recovery plant, and iu a sulphite mill for the liquor-making 
plant. The returns for boilew and ateam raising will Ijo 
controlled by periodical tests of evaporation in the boilei's, 
and the combu-stion of coal in the furnacoa by analysis of 
the flue gases. 

The purpose of these returns is obviously to secure 
' effiuionciy and economy ' in all depariments of the mill, to 
indicate all sources of waste or 'leakage,' and what is of 
course very important, to provide a statement of cost of 
every kind and quality of paper turned out. Such considera- 
tions are generally recognii^ed wnd need not be further 
insisted on. There is, however, an aspect of statistical 
iBliima which is too often lost sight of, and that is that they 
provide jHirmanent records of manufacturing experience. Such 
rscords have a practical usefulness in two directions, they 
provide against bad work, and for progressive improvement 
based upon continual observation of effects. 

In regard to the planning and canyingoutof an adequate 
Kyeteni of statistics and records, only general instnictlous 
can be given. From the point of view of the btmineK, the 
one purpose is to arrive at costs per pound or per ton ; from 
that of the mami/aclure the purpose is to give an account 
of every pound of material taken into work, in terms of final 
manufactured products, and as regards quality to refer the 
various items of quality of papers to the conditions obtaining 
production, 
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The latter order uf Btatistics are those with which we' 
ftinly concerned : they are the more compreht 
include such returns from which actual money costs are 

calculated. We Tentiire to think that tho careful study of 
the preceding chapters of this work will supply the main 
outlines of a scheme of returns required, in any particular 
case. The knowledge which we Lave endeavoured to convey 
is based upon qnautitiea and meaBurements ; and that know- 
ledge in practice implies the continued quantitative study 
of all the processes of the mill, a? well as of the raw materiale 
and finished papera. To take as an example the treatment 
of esparto: the following quantitative observations mnybe 
made. 

Yield of half stuff— including yield of fibre from boilers 
after washing, and from potchers or preas-pate after bleach- 
ing ; propoi tion of caustic used in boiling ; amount of dilution 
in boilers by condensation of steam ; proportion of soda 
recovered; proportion of bleaching liquor used in potchers, 
and the amount of resiJuul bleaching 'chlorine.' At the 
beaters, eveiy item of the ' furnish ' is carefully controlled, 
together with the agents used in antichloiing, sizing and 
colouring ; on the machine, in addition to a return of its tiim- 
off in finished paper, observations are made upon tlie back 
water to determine fibre, loading, sizing and colouring con- 
stituents passing away unfixed by the wet web of paper ; 
lastly the physical constants of tlie finished paper, which, in 
connection with records of all the previous treatments, gives 
a complete history of all that makes for quality. 

It is Tinnecessary to proseuute this subject into minute 
detail. Wc repeat in conclusion that the paper-maker la 
only a ' technologist ' in his art when his experience issues 
in the praclice of precise records, and his control of a mill is 
based upon these essential statistics of production. 



* 
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Abietic acid, 185 

Acetates, 28, 32 

Acetic acid, in bleaching, 162 

formed in boiling esparto, 

131 
Acid, action on paper, 229 
on paper, evils of, 229 

— and cellulose, 13, 18 

— and lignocelluloses, 58 

— ether, 18 

— in alum, estimating, 280 

— oleoeutic, 75 

— purification of fibres, 93 

— radict\ls and cellulose, 28 

— size, Beadle's formula for, 

186 

diluting with starch, 186 

quantity required per 100 lbs. 

[taper, 167 

Wurster's formula for diluting, 

186 

— Btearocntic, 75 

— subt ric, 76 

— succinic, 76 
Acme beater, 174 
Adansonia, application of, 144 

— last of, 88 

— digitata, 102, 146 

— fibre, 103 

— soda treatment, 146 

— treated with lime, 146 
Adipo-celluloses, 53, 73 
Adulteration of paper, 201 
Agalite, analysis of, 200 

— loading, 200 
Agents, bleaching, 153 
Alkali boil for rags, 115 

— cellulose, 17 

soluble, 34 

:- xanthate, 22 



Alkali solutions, technical applica- 
tion, 17 

— treatment, China grass, 146 
flax wastes, 144 

hemp wastes, 144 

jute, 144 

Samie, 146 

Rhea, 146 

Alkaline hydrates and cellulose 

nitrates, 32 
extreme action of, 44 

— hydrolysis, 92 

— processes, advantage of. Ill 

— solutions, 57 

Alkalis and cellulose, 11, 14, 16 
Alizarin, 206 
Aloe, 95 

— fibre, 81 

— fibres, 71 

dimensions of, 88 

— flbro-vascular bundles of, 89 
Alum, 187 

— analysing, 279 

— actioaof, on gelatine, 228 
on cellulose, 229 

— cake, analysing, 279 

— cakes, 195 

— crystal, 195 

gulutions, table of strengths, 

195 

— proportion required, 196 
of, required by gelatine me, 

229 

— sulphate, analysing, 279 
Alumina as a sizing agent, 190 

— sulphate, 195 

advantage of, 196 

proportion required, 196 

Aluminate of soda as a sizing agent, 

192 
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Archbutt-DBt-ley proopss for soften- | 


Bolutioiie, gptaiifiu gravity of, 


itig water, 291 


IH5 


Artiricial silk, 32 


Ammonia bkIs, enoBtii?, 217 


A»li in fibre, 92 


Ammoniacal oaprio oiide, 3 


— of pnper, estimuting, 201 ' 


A.E>li,i. 15 


A-pen, for tocoUaniual wood pnlp, } 


Amyloid. 20 


ISl 


AniiljBeB of caualio soda, 24."), 


AvaiUibla chlorino in blojcliiiig 


216 


powder, 156 1 


Annl^diiig j.luni, 279 




cake, 279 




— alumlDB aalphate, 279 




— anticliloi'. !82 


Bactebhtm aeeti, 36 




Banboo flbr«, 108 


— cauatic «.dft. 278 


— pulp, yield, U5 


- dyes, 281 


~ Blems, 72 


- gelatiue, 283 


BnmbasB, Il.'i 


- liaiB. 277 


Banknote paper, 211 

Baohub, 1(52 _, 


— loading- materuils, 271, 281 


— paper, 270 


^ abre, 103 ^^K 


— pigmonte. 281 


Barley straw. 132 ^^H 


— reooveced soda, 278 




— Bue,275 


Bast Gbies. 82 ^^M 


— Bunp, 283 


diuotyie.lonon<<. 95 ^VH 


— soda ash, 278 




~ atarcliea, 283 


— fllamcnts. s2 B-l 


-bo.liumflu1pMte,282 


- Ussnes. 102 ■ 




Bi^adla'a furmula for iicld siie, ■ 


— wood -pulp, 272 


16(i ■ 


AiialjHJB of plant aubotiincea. SO 


B.atuT, acme. 171 S 


— Iiiosimatu, for raw mal. rials, 


— bedplate, 171 ■ 


BcliL'mB fif, 92 


— UJlonlei. 172 ■ 


Auiliae blues, 203 


— kn.-e-i.latra, 171 ^^_^H 


— colours, Bolutions of, 86 


- 170 ^^^M 


— BUlpliate solution, 85 


In ^^^H 


Anm&dale'd damping mftlio.1, 22.'i 
Antichlor, a:ialy>a>ig, 282 
— hydrogen pBroside, 183 


~ luad-lined. 170 ^^^^M 


— MarehaU'a eui-ine. 1T6 ^^^^1 


— renning ongiiie, 176 '^^^W 




— UmphcistoQ'B pateiit , engine, ■ 




179 1 


— removing bleaohing liquor by. 


Beat rs, 166 | 


181 


-driving of, 180 ^ 


— sodium liypoaulphile, 181 


ropa pulleys for, 180 


sulpbitfl. 132, 183 


— faring of drivinj; powu'. 171 ■; 


tljioiul,>h«ti^, l«i, 1S3 


B/atinj;. esparto. 166 ' 


— testing, 1H3 


— impbrtaneoof, 170 \ 






139 


IB8 




— pulp, 166 1 


neas of paper, 269 


- straw, 166 1 


Arabio acid, 68 


— time requlrad by. 168 J 


Arabinose, 51, 68 


— w..1er, cxoality of, ISO -*^^^H 
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Beating wooJ. pulp, 166 

B. d-plate of beater, 170 

Beet juice, 36 

Beitzoates, 28 

Bertram's damping cylinders, 22.5 

— rag-boiler, 11 fl 

— smoothers, 224 

— strainer, 214 
Bibliography, 81 1 

Bisulpliite liquor, GriflBn and 
Little's standard, composition, 
140 

preparation of, 139 

— processes, apparatus for, 139 

— process, boiling;, 141 
digesters, 140 

pressure for boiling, 141 

preparation of wo<S, 140 

products of, 141 

time for boiling, 141 

wabte liquors, application of, 

142 

— wood industry, 138 
Bleached pulp, freeing from bleach, 

162 

improving colour, 161 

Bleaching, 153 

— acetic acid in, 162 

— action should be coufincdto non- 

CiUuldbe, 161 

— agents, 153 

— by chlorine, 162 

— carbonic acid in, 163 

— cautes of damages in, 42 

— electrolytic, 163 

estimating cost of, 104 

— Herinite procets, disadTantagcs 

of, 164 
economy of, 163 

— hydrochloric acid in, 158 

— jute, 158 

— liquor, <-lcar, 156 

storing, 156 

strength, 156 

— proportion of antichlur required 

to neutralise, 182 

— powder, 153 

action of, accelerated by bicar- 
bonate of soda, 159 

amount needed, 159 

analysing. 278 

chlcrine available in, 156 



Bleaching powder, electrolytic solu- 
tions, economy of, compared 
with, 164 
Gri£Sn and Little's composi- 
tion of, 154 

neutralising by hydrogen pi r- 

ozide, 183 

by sodium hyposulphite, 

181 

by sodium sulphite, 182 

by sodium thiosul|'hate, 

181 

preparing, 155 

sulphite for neutralising, 183 

— — sodium thiosulphite fi>r neu- 

tralising. 183 
storing, 155 

— pulp in potehers, 158 
water required, 158 

— rags in the tumbler, 1 59 

Thompson's process, 163 

refractory pulp.-*, 161 

-• removing bv antichlor, 181 
from half-stuff, 181 

— time required by, 160 

— washing out from hulfsluff, 181 

— with sodium hypochU»rite, 160 
Blotting papers, 183 

starching, 184 

testing, 269 

Boihmeria cellulose, 45 

— species, 71 
Boiler for esparto, 1 27 
Boilers for rags, 115 
Boilhig flax, 143 

— hemp, 143 

— jute, 103 

— Manila, 143, 145 

— rags, 115 

— straw, 134 

— wood, 137 

Bombaz heptaphyllum fibre, 88 
Bottoms caustic, 244 
Broke paper, 146 

grindingmill, 147 

Uding up, 147 

Bromine and ligno cellulose, 55 
Bromoform, 43 
Broussonetia keempferia, 103 

— papyrifera fibre, 103 
Brown pigments, 206 
Burning recovered soda, 256 
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(;au;ii!)i oarboiiate mu.l, 2(;i 


Cellulose and noid radir'nls, 28 


_i 


— bypiioliliirite, lueans r>f accelernt- 


— and aoida, IS, 18 




iilg Rotlon of, 158 








— and alkalis. 11, 16 




in paper nd., 202 


— >ind colnnrinz mnttura, 12 




londipg. 197 


— and QDiymea, 13 

— und iiydrolytlo asents. 10 




CaIen.ierinK. 233 
C*l6ndera. 221 




— alid8ulphurioacidi>,3l 




— deflection, 237 


— iind wafer, 7 




Calotropia. 46 


— almoflphatio oxiiiiition of, 41 




CannabiB aatira, 45 


— Iienzoatoa, 34 




CarbiAydfntea of low mole.:iilar 










— Piilolropis, 46 




Carbon, perrentoge ia flbi. e, 98 






Carbonate of Boda, 247 






Carhouic acid bbaabinK, Ie3 


— cunititutiDnof, 35 




CarboaisiQgr fumaoes. 25B 


— eouveision of, 16 






— — of. inlo hydro -oollulosB, 38 




— Hatnniond'a funwca, 256 


— pott<in, 45. 46 




Cartridges, 145 


— ■ieoompoaition of. 37 




Casein as a sizing Bgciit. in3 


— deal iiiL-tive resolution by fermen- 




Catato;;uB. Bertram's illustuled, of 


tation. 44 




paper-mill madiiuerv, 17tt 


— dii.sytUiiKiarbonoto. 22 




OaiutioiBen, 259 


— trapirU-al ooropoaition of, 6 




Cauitirifiing, 2:iS 


— esparto and linc-sodium hypo- 




— by ferric oxide, 247 


sulpliale. 50 




— lime uae.], 261 


— csssiitial identity of mnie, 46 




— testing Hie liquor, 2fiD 


— uDtera, 2H 




C'liuBlic Bodu. analyses of, 245, 246 


— FBtiiDatia;; in fibres, 90 




iinalyning, 278 


— fliA isnlating, 69 




and ruto-oellnlosea, B3 


— I'rora Bsparto, 49 




— — and ligno-celltilo.-**, 93 1 


and hydrofluoric ni:i.l, 49 


■*; 


niKi peoto-ceilulosea. 93 . 


lif.Tiified tisBnes, 47, 48 




Ixiiliug with esparto, 123 


woods, 47, 48 


_- 


rage,IU> 


— Ktoup. tliB, 45 






— hydrates, 7 






as a sizing ogont. 100 




drums, emptyiug, 24G 


— in filirOB, 92 




prices of. 2*5 


— in raw material, assay for, OU 






— idolating from oork. 73 




parto by, 130 


wooil. industrial proceascs. 




Cellular tiasue in atraw, IBS 


63. 




Cellulitli, 169 


— sulpliiite process, 64 




Celluloid, 32 


Witt, alkalis, 64 




CdIul<«B, 5 


.liliila nitric acid. 63 




— acetatea, a2 


lialoyena, 63 






and nitric acid. 




-actir>tioralumon,220 


C3 




— Bllcali-celluloM-xantliatc, 22 


neutral sulphites, 66 




— ultnJis and, 14 


sul,.l.utouH aoida, 64 
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^^^^^r au ^H 


^^^lloIoBe. isolating from nocd with 


C'elluloee. suIpho-cRrbonafca, tcch- 


^^^r vtUz nnd dilute ncida, <i4 


uicol applications, 27 








— yield from esparto, 129 


— niliateB. 28 


straw. J32 


hei»-nitrate, 30 


■ snlpliite pulp, 142 


pentft-niirates, 31 


— wmtliBtes, coiignlations by lieat, 


technical iipplicHlinna. 32 


24 


tttiv. find tri-nitratea, 31 




— iiilrocen free, 32 


23 


— non-hydrolycnble. G8 


C'hapmllll'al,-^■eporalo^, 252 


-ofCbii.aeraaB,45 


Uiemical annlyeis rf pbmt eub- 


— ol flu, 45 


Btan.'es. 90 


— of hemp. 45 


~ chnmeteristica of principal raw 


— oiidalion. H8 


mnb rials. 95 


estreme Botian of aUcaline 


— nond pulp, 37 


hydrates. 44 


fhinaelftv, 27. 197 


in »oU Bolulions. 38 


anBlysis of, 200 


in ftlknline solutions, 41 


estimating, 274 


by eliromio ncid, 39 


— glass. 71, B5. 100, 146 


by hypocljIorilM. 41 


cellulose, 45 


by Ditric acid, 38 


compoBilion, 100 


by othtr aoiUg, 10 






forms in whicli employed, 101 


— oljoeilnlow. 25, 47 


general cbemlcnl cbaraotep- 


— pine-mcd, 48 


istics. 100 


— preBse-p&te fyatem for purifying, 




li;2 


microscopic oliBracteriatioB, 


— proportion iu esparto. 129 


100 


of, ill well-boiled poJp, 160 


Ciilnride of lin.e, piepnration of. 


— purification of. 91 


153 


in tho Ittlioratorj-. 4« 


(■Idorinftting boiled jnte, 144 


— quantitative reKereration of. 


— flaswttaleB,I44 


Irtira Bolnlion en thio-cariioQ- 


— hemp wnstes. 144 


ate.24 


— straw pulp, 136 


— n acting unit of, 26 






158 


— regenerated, empirical compoai- 


t'hlorine. 154 


iioii, 25 


_ aa a bleauhing ngent, 162 




— Bfailftble in bleBchiiig powder. 


Iiygroscopie moialnre, 25 


156 


— Schallie'B mtWind, for isolating 


— liqnefie<l, l(;2 


fn-ra word. 63 


— residual, 91 


— Bolutlons of, 7 


— water »oltttioii,8.i 
Cleaning eB|,a[to, 123 

— straw. 133 


^^^^H ^^ — in ammouiscal oupne-oxido. 


^ of hydrolytio agenla. concen- 


L-oal-lar dyes, 42, 204, 206. 207 


^^H Irsled forms. 16 


Cochineal liquor. 204 




Cocos nucifera, 52 


^B 


Coffi!aaiabica,52 


^^■^ Sunn litmp, 46 


Collodion pyrosyline, 3t 


Colloids, 27 



^^1 ^^^^^1 


^^1 Colophony, 185 


Cultitig straw, 133 ^^H 
— noo^ for pulp, 147 ^^H 




^^H Colouring nuttera aail cellulose. 


■ 


DAWPiHQ-cyliu.lers, 22.i ^^M 


^H — pnper, ti.l2 


Dundy-rali. 221 ^H 


^H Colonri, of wood pulpa, 153 


Deckle. 144. 217 ^H 


^^H CoDlfer putp, 11)9 


Dh la Bue's dandy-roll, 222 ^H 


^H Cooling paper, 225 


DeiUiQ. 15 ^1 


^H Coraliorua, 53 


Dextrose. 15. 35 ^M 


^H C«rk. 73 


DiagDUBiB of plaut aub^iices, 99 ^M 


^^H — i>Kilating oelluloM from, 73 


Diastase, 15 H 


^^B — resulCa of Elemeiitac; ansljaia of, 


Digeatem, 140 ^M 


^H 


— cement linings. 141 ^H 


^H C'ltMn, 95 


— for wood pulp. 137 ^H 


^H — beating, IGT 


— le;>d linings, 140 H 


^H — c(.-llul'>ae. 45, 46 




^H — ciaasiai^ati.m. 95 


87 ^^ 


^H — c>nmpoj«iiiori of law fibrce, 9G 


Dimethjl paraplienylone diamine. 




85 


^H - forniE in wl.ioli en.ploj..d. 97 




^^H — general obemi^^l oliaracteristicB, 


for, of wood. 157 ^ 


^H 


Doctor. 223 ■ 




Draining bleaoht'd pulp, 162 H 


^^H — miero-chemical reactinn, 9<i 


-boiledrags.117 ■ 


^^H — microsmpic ftatoKw, 9^ 


Drawing paper. 211 ^M 




Driving of beaters, IgO ^1 




— — rope pulleys, ISO ^1 


^^^1 treatmeDt for paper, 19*2 


Dnnn washer for boUed rags, 118 H 


^M _BeationB,9G 




^^M Coucher.21() 


Dye stuffs, soluble. 203 ^M 


^^m Cream, canatlc, 2U 


Dy«iug pulps, 207 M 


^^m Crotalnria juDcea, 146 


Dyes. 203 ^M 


^H cellulose, W 


- anatysins, 284 ^M 


^^H Crystal moDohydraleE, 191 


— ooul lar, 42, 204, 2QS, 207 ^H 


^^H Cupidmiaunium, 295 


^M 


^H — Bolutbn.9 




^H preparing, 2P5 


EcoKOMT of eleolrolytio bleaeliiug. 


^^K Caticuliiiuution, 77 


163 


^^K Cutiu, 74 


Edne-runner mill, 1H9 






^^H — and caiutio auda, 9;-! 


Effluent water, filter for. 289 


^^B Culft«. 74, 75 




^^^1 CiittT guillotine, 240 




^V — Salmon's. 240 




[1 — Bingle-sbeet, 239 


Engine beating, 167 


Cutting, beater tnires, 171 


— refiuing beater, 1715 


— hemp, 103 


- sizing. 184 


— jute, 143 

— knives, 237 


Envelope papers, 145 


Enzyme of malt, influenoe on otarcli, 


— ManUa, 143 


15 


— paper, 237 


Enzymes ciud cellulose, IS 

M 



INDEX, 
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ig, 163 



Electrolysing vat, 163 
Electrolytio bleaohing, 
estimating cost of, 164 

— Bolutions, economy of, compared 
with bleaching powder, 164 

Equipment for microscopic ex- 
amination of fibres, 83 
Esparto, 4, 72, 95, 105, 122 

— acetic acid fi»rmed in boiling, 

131 

— amount of bleaching powder 

needed by, 160 

— beating, 166 

— boiled witli caustic soda, 123 

— boiler for, 127 

— boilers, 123 

— boiling of, 123. 124 

— caustic soda lye, 125 
-— cellulose from, 49 

— cleaning, 123 

— composition, 106 

— fibres, dimensions of, 88 

— general chemical characteristics, 

106 

— in paper, detecting, 270, 272 

— liquor, disposal of, 131 

Hig^iii's process for obtaining 

acetic acid from, 131 

— micro-i'hemical reaction, 105 

— microscopic features, 105 

— paper mill arrangement, 285 

— picking, 1 23 

— I»resse-p&te system, 130 

— pressure for boiling, 126 

— proportion of cellulose in, 129 

— pulp, dimensions of fibre, 169 

— quantify of soda, 122, 126 

— Fcction, 105 

— Sinclair's patent boiler, 127 

— statistics, 299, 300, 301 

— bubslances removed from, by 

caustic soda, 130 

— WRsiiing, 128, 129 

- yie'd of cellulose, 129 
Ksters. 18, 59 
Ebtimating amount of size, 270 

— cost of electrolytic bleaching, 164 

— mrclmnical wood pulp in paper, 

273 

— nature of size, 275 

Ether, treating engine sized papi r 
with, 189 



Evaporating by multiple oifoot, 255 

— soda liquors, 248 

— system, Yaryan, 255 
Evaporator, Ch*apman*s, 252 

— Porion's, 251 

— Roeckner's, 249, 256 
Evaporators, 248 

— smell consumer, 252 
Explosives, 32 



Fat in fibres, 91 

Felting caused in potohers, 160 

Ferment action, destructive resolu- 
tion of, 44 

Ferric oxide, causticising process, 
247 

Fibre bundles, 82, 88 

inorubtation of, 88 

Fibres, acid purification of, 93 

— ash in, !>2 

— boiling processes. 111 

— carbon percentage in, 93 

— cellulose in, 92 

— China grass, 146 

— classified according to iodine re* 

action, 95 

— dimensions of, 87 

— dimensions, in pulp, 169 

— equipment for microsoopie ex* 

amination of, 83 

— estimating cellulose in, 90 
fttt in, 91 

resin in, 91 

wax in, 91 

— interweaving to form paper, 79 

— isolating for examination, 86 

— measurin;? dimensions of, 87 

— microscopic features, 80 

— moisture in, 91 

— monocotyledonous, 95 

— nitration of, 93 

— of dicotyledonous stems, 80 

— of monocotyledonous stems, 80 

— physical structure of, 78 

— puritjr of, 87 

— Bamie, 146 

— reducing length of 166 

— Rhea, 146 

— table of length and dimensions 

88 

— treatment of various, 11 1 
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^^m Fibres, treatment with TiiiionB re- 


fielatino. actiim of alum on. 22? 


^H agenlB, 88 


— analysing. 283 




— M a sizing ftgent, 193 


^^B Pibro-vtiBcular bundlei.dimenBions 


— for Bizing. 227, 228 


^H 8S 


— SIM. making of, 228 


^^H Fibroiu tUioe, 82 




^V Filament. 82 


b|~229 




— with soap, 229 ^^ 




Glazing, 233 _■ 


Filling ngenta, minHml, 196 


— fHction, 23.i ^1 


Fllter-bBgB, woollen. 180 




Filter paper, Bweliali, 7 


paper. 268 ^M 


— pnperB, trented with nitric acid, 


— plate. 2.16 ^M 


21 


~ web. 233 ^H 


Filtering Bppamtus, 289 


Gossypium fibres, 88 .^H 


— limBmud.261 


Green pigmontB, 206 ^H 


Fdtera for water, 28S 


GreiK'a filtering apparatus 289 ^H 


— matetiula for, yl 


— KeaTeB', 289 




Finish, 225 


110 ■ 


, FinUliing honBc, 2il 




^^ Fir, pulp, no 


bleaoliingpnwder, 154 ^ 


^L Fins, 69, 113 


sizing tost, as 1 


^B ~ boiling, 143 


Grinding mill, broke paper, 147 


^H — cellulose, 45, TO 


— Btraw, 135 


^H isolation, m 


— wood to palp, 117 
Guillotine cutter, 210 


^H - classification of, 97 




Gum-arabic, 68 




Gun-cotlon, 3(1 


^^B -~ formB in which emplojed, 98 




^H — general chemical cbarocteriHtics, 




1*7 


Half-stl-ff doaneil,122 




— freoing froio bleaching liquor. 


— mieroaeopic featurefl, 97 

— New Zealand, 95, 108 


181 


— rBiiioving blenching liquor from, 




byentichlor. 181 


^^L — eection><,97 


— wBBhing ont bleaching liquor 




from, 181 


^^m — wastes, 111 


Hand-made paper, 210 


^r allialine treatment, 141 


Harrig-Eeiigfh. paper testing ma- 


chlorinating, 144 


chine, 264 H 


— willowing, 143 


Hemi-celluloaeB, 51, 52, 94 ^H 


Fourdrinier paper machine, 211 


Hemp, 95, 98, 143 ^H 


Friction glaiing, 23a 


— boiiiug, 143 H 


Furfural, 39, 47 


— cellulose, 15 ^M 




— composition of raw flbre, 99 H 


^^M Furnaces, oaibonising, 253 


— catting, 143 ^H 


^P 








^™ Galactose. 68. 51 


• Gaskel auJ Deunra'a crystal mono- 


^ 


hjdrate, 191 





^^^^^^^^^^^^ISDBX^^^^^^^^^Ta^^^B 


^^^■tTDp, microscopic feiitqres. 99 




^^P^.ectia»B, 'M 


><bip 10 Ibe jute-fibre, 47 


— W118U-8, Hi 




nlkaline Irealment, 14* 


— cutli.i«, 143 


chlorlnatins. 144 


— cutlinsa. 71 


— willowmK. ua 


— fibre. 53 


Hermite bleaoliinK process, dh- 


clietnical conitants, Gl 




— dimonaiitns of, S8 


HeimitEi'fl eleL-trolylie bhacliing 


mbatanca of, 53 


process. 1G3 


— forma in which employed. 102 

— ueucnil cliemical chorflcteriatius, 


HeioBfB, 53 


Hibi»cus, hi 


102 


Hif-gia's process for obtain in!; 




acetic Hcid rroni esparlo liquor, 131 


5G 


Hnllaoder beater, 172 


— micro cliemical reactions. 101 


— Tail's piitent healin-. 172 
Hydra-i-eliiloBe. osidatiuo uf, 30 


— microBOopio features, 101 


— pulp, vield. 144 


Hydro-cell alose. 18 


— Boda treatment, 144 


Hjdrochloric aci.l in bleaching 


— wastes. Irealment of, 144 


pulp. 158 


— wlllowing, 143 


in presence of water, 18 




H3*drogen peroxide fur iiealralising 








HydrolvsiB, 13 


EiOLiv. eslimaling, 274 


Hydroxvpyruvic acid, 32 


— loadinx 197 


Hyiiochlurites, CO 
. — eompcmndfl of. 154 


Knee-plaU'S of beater, 171 
Knives of beater. 170 
cutting in situ 171 


— reaolionsof, J5li 


— for culler, 2:17 




Knotler, 217 ^^_ 


Iqnltiko reeoverod Boda, 25(i 


^^^^^H 


lucniBtation of libra bnndlca, US 




InvertaBe, 16 

lodina, free, 158 

— reaction, details of maDipulstion, 


Laib paper. 222 ^^^^^^| 
Lead lining of beater, 170 ^^^| 
Leather clatbe, 27 ^H 


89 


Leaves, tissues of, 73 ^H 


— wlutinn, 84 


LeTulose, 30 ^H 


testing, 84 

Iron oxide pigraentd. 20G 


Lignification, 53 ^H 
Lil{nocellnloBe and bromine. 55 ^H 


Ivory nut, 52 


Lij^nocellnloses, 53 ^H 




— and caustic soda, 58,93 ^M 




— und oelluloso solvcatn, 57 ^H 


JOLY'B baJanoe, 201 


— and dilute nitric acid, SS ^M 


Jule, 95, i01,14a 


— and hjdrolytic ageuU, 97 ^M 


— ollialine treatment, 144 


— and iodine, aG ^H 


— applirailion of, 144 


— and oxidising agents, 5'J ^H 


^bleaobing, 1S8 




— lM>ilod, chlorinating. 144 




— boiling, 143 




la lime, 114 


^M 




^^^HH 



^^^nj!2 rAPER-MAKlKU. ^^^^H 


^^Bugnooelluloeee dimcil.jl - pora- 


Machihb, 211 


^^^P pheDvleaedLBmem', reaction 


— single-cylinder, 230 


^^ of, B2 


Ma.lder. ^m Aliairiii 


— ferric ferricyanide, rcaotiim af,Oi 


Mttlto-dexlrin. 15 


— identification in piper, SO 


UaltOEG, 16 




MatiilB. 143 






— reaolioijof,5l ' 


— buUing, U^, 145 


— Blmilarlt; bet(YEmn ti.e two 


— cuOing, 143 


groups of, 1)1 


— fibres, 145 


— struct ure of, 60 


- hemp, 95. lOS 


— enliiho-carbomile reaction, 58 




— woods, 61 


micnMiheniicul reactions, 109 


Lignoiie oompomi<ia, sulphouftteil. 


mioroaraipic charaoterittios. 


utiliBtttinn of, 142 


108 


Lima, analyaing, 277 


neotions, 109 


— boiling of AilHU^mia, UO 


— willowing, 143 


raga.nG 


Maunoae. 52 




Harsdenia tenucidcima cellulose. 


— iule, boilinR in, lt+ 


46 


— kilkof.2W 


MiiisLnll engine. 176 


-mud, 261 


Maasou, Scott and Bertram's ssparto 


composition of, 2G2 


elfaniiig maoliiiie, 123 


filtering, 261 


Belf-cleaning Bttaiiier, 215 


— Bulplmte loitdiiig, 107 


Material fi.r fillers, 91 


LimebtonPB, 241 


Meaauring dimensions of fibres. 


Linden bast, 103 


87 


fibres, dimeuBions of, S8 




Linen, 95 


— wood pulp, 147 


— beuting, 167 


MegBBse pulp, yield. 145 


~ in paper, detettin^, 270 


Menzies and Davin's suwll con- 




Bomei. 252 


— rag«,Bt»tiBliM. 200.300,301 


Merceriaation, IT-DS 


treatment for paper, 112 




Linum, 45 


Klefapectic acid, 06-68 


Liquids, eapillury tninsinission of, 


Metapectin. 66 
Methylene blue, 204 
Micrometer eye-pieoe, 87 


Loading ajteuta, mineral, 196 


— coloured witb uUtam.iriue, 201 


— for determination of thickness of 


— eBtimating, 201 


paper, 263 


— material. analjBing, 274. 284 


Microacopa Ihe. 80 


— vitli Rgalite, 200 


— oquipinent, 83 


China cLiy, 197 


Microscopic examinalioQ of paper. 


lime Bnl;;bate. 197 


272 


magnesium sUicute, 200 


MicroEcopicl features of fibres, 80 


peari hardening. 197 


Milk of iW, 244 


Lofl-driedpaptr, 191,211 




Logwood. 205 


- sit» for, 285 


Lunge's bleaching piocea?. 162 


Mill-bourd macbine, 231 


— Lapinus luteua, 52 


Miiina pulps. 168 


Lnstni cellulose, 27 


Moistare hygniscoplc, 7 


Lygium aparlum fibre, 105 


— in fibres, 01 


■to 


^H 







^^^^^^m^ 


^H 


^^^r 323 ^ 


^H tl.T.laiii^, 207 






Btrrogth, £li7 


^K. nnilme sulphate solution, 65 


— cu'ouiv-d, 205 


^^ clilOTine wBter, 85 


- eulourins. 202 


iodiue solulinn, S4 


— cooling. 225 




- cntting. 237 


Mueo-oelliiloaeB, 53. 72 


- damping. 225 


Multiiile effect, evaparntliig, 2:5 


— engine Biied, trentei! willi ilher. 


Mu.B, 71 




— teitilia, 108 






faults of, 151 




— glaiinp-, 233 


NAuseinpaper, 211, 221 




Nettle, common. lOl 


Buinff,211 


Noutr..! monuting Bolntlon. 84 


— loft dried, 211, 191 


New Zciland flux, 95. 1(18 


-mHcJiin8,211 


general ohemlcal chttrnc- 


— malcMng colour of. 208 


^H t<:iUtio, lOR 


— measuring alrenglh. 2i3 


^^L micio-clieiaicBl reaatioa, 


thii.-knetB.2Ua 


^M 


— mill, clBfciflc'd returns of the 


^^B nilmiMopioehnracterUticB, 


working of, 309 


^F KIS 


— mulberry, 95 


Nit rale hfna, 30 


I'aatofthe, 103 


— pen la, 31 




Hitralea, 28 


— names in,2II. 221 


— alIiBlii>ehydrateimflucnceon,32 


— patterns in, 211,221 


— ctllulose-, 2fi 


-repped,237 


Nitration of fibreB, 93 


— airing, 183 


Nilrlo aoid, 21 


— cortlog, 241 


— estere, 28 


— t. Bting, 263 




— thicknias, 219 




— trade statiHliee, 305 


' Oat Btmw, 132 


— weight of, aft..T mttrio fyiUim, 


Oiidslion, utinosphericof cellulo.-o, 


212 


41 


— width. 218 


— of earbo!i¥ilratei of low mole- 


— wove, 221 


cularmeiglit, 40 


— wrapping, 114 


— ofcelluloflB.38 


brown, H5 


in elkHlioB BolDtionf. 41 


Pat.ipectio acid. 68 


OxidieiDC Bodium gnlpliido, 2(12 


Parehiaonl paiier, 21) 


OxjcelloloBfi,38.42" 


— oi-Uulosei frura cereal etmws, 


PatimiB in piper. 211,221 


4!) 


Peuil-hurdeLdiig. 197 




estimuling, 271 

pL^^taae, 68 
Pectic ttci.l, 66 


Papeb. action of aoiJa on, 223 


— Hclulteration, 201 


I'tiCiin. ee-QS 


— analyaing, 270 


Pecfo-coUulMcs, 53, 6B. 71 


Fspei ash, estiwating, 201 
— caloium sulphale in. 202 


— rdJ CBusiie soda, 93 




— broke. 14G 


Pectoae, 6ti 


— eause of roaiii-sptcka in, 186 


Pentose, 52 



32^ ^^^^^1 






Pulp, raising, IfiS ^^^^ 










PKi^niT Haptvlifpra 'i't 


— removing colciam bypocblurite 

from, 181 
-B,iver.l02.22l 




Phwniium, 71, 145 




— tenai, 108 


— well-boilBd, proportion of cellu- 




PliyMciil thttractoslicB of raw 


LiBe in, 160 




mHterials. 95 


— yield from jule, Ui 




Picking eBp«rto, 123 


htraw, 133 




PigmelitB, 2(12 


Purification of celluloao, m , 






in the laboratory. 4U ' 




— browH, 200 


— WBt.T, IBI). 286 




— green. 2Cfi 


Purifier, the Stanbopa, 292 




— in ptper. iletecling, 27G 






— iron nside, 2M 






— red, 201 


QtKHcua anber, 73 




- yellow, 206 


Quinone cbloridH, 50 




Pine, composition, 110 






— wbilp, for mtohBniail wood palp, 
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Rags. 112 




— woodflbre.no 


— amount of bleacbing ponder 




Pine-apple, 05 


ne<:ded by, 160 




FiEum sativum, 52 


— bleai-hiitg, in the tumbler, 159 






— Iffllled, diaining, 117 




stitaentBor. 72 


washing, lis 




Plate-glazing, 236 


— b:.ilinir, 112, 115 


I 


Pochii. aluminooa cake, l!)o 


witb caufltio soda, 1 llj 


Poptur fibre, 109 • 


Hiup, 116 


Porioii'B evipomlor, 251 


— carbonic acid Wpnoiiiiig, HJ3 ' 




Porter-Clark's pnjoww for wiitet, 292 


— OKlluloses, advantages of, 138 


i 


Pottbera, Telting enured m. 160 


— uuiiing, 113 






— duating, IH 




— roc raRB, 122 


— machine for cutting, 1 13 




PreBse-pati< system Tor etperto, 1!(0 






for alr,,w, 135 


— quBTility of water for boding, 117 




l„r purifying p*llulMe,162 


— sorting, 113 




Preeanre far boiling .-Bpart^. 126 


— BialirtiCB. 209, 300, 301 . 




Products of bi«olpl.ite ptoca-a, HI 


— time for boiling, 117 ^^ 




Pruseian blues, 205 


- treatment iu wash..', 122 ^M 


I 


Pseudo-rellul-iseB, 51.52 


— willowtng, IH ^H 




Pulp, adding Biie to, 187 


Ramie, 71, 100 ^H 




starch tn, 190 


-^ £bres, 116 ^B 




— ftnBlywng. 272 




1 


— beating, les 


Raw materinl, aaea; for cellnlnse in. 




— bleaolied, improving colour of, 


90 




161 


chemical charootirialiCB of, 95 




tint of, 202 




J 


~ draiuiog, 162 


physical charactetialifB of,.95 ^t 




— dyeing, 207 


scheme of prusimatu analjms ^H 




— eiaramin^, 208 


for, 92 ■ 




— flxiDK resin acids upon. 187 

— freeing from blench, Ifi2 

1 


BtntiBtics, 299 ^M 


■ 


Rcngcnts for examining nort'S, oo ^^^n 


i 



^^^^^^ 


1 


^^^^^^^^^^^ INDEX. ^M 


^K Be.) psmeDt, 201 


Sinclair'* paloiit boiler, ViS 


^^E-Beevea' flltere, 289 


Single-flylinder macliinea, 230 


^^KSepped psptr, S;t7 


— aheel cutter, 239 


^^^^■Zteim Hcids, Giins upon puln, IS' 


SipLon waihar for boiled mgs, 120 


^■--iD flbrPB, 91 ^ "^ "^ ' 


Siaal, 145 


^^■BeaintiMa, lt>0 


Site for mill, 285 


^V%«lree, 241 


Sixiy per cect. nhite cautti^, 245 


^^~ Bhf a, KM) 


Size acid, 186 


— tellnloae, 45 


— fulding to pulp, 187 


— HbreB, UO 


— Buaiysiug, 275 


KfTera Pollution Art of 1876, 218 


— delormininf; nature of, 275 - 


Ho. okiier's evaporslor, 2i9, 25S 


ati.ount of, 276 


— pBtent boiler, 127 


— making wil.b gelatine, 228 
SileaofslieetE. 242 


— .trainer. 216 


— WBler olarifier, 2P9 


Sizing, 183 


Rope pulleya, for drivlog of banters. 


— agenta, ausiiiarT, 190 


^_ m 


alumiDB,i90 


^^L Sosio-alom bizin^, 181 


alumiuate of soda, 192 


^^H ' prooas, rtaetiuns invulved 


MBein, 193 


^m ifd 


— — .— felluloseliydrat.B, 190 


^r — commeiciBl. 1S5 


gelalioe. 193 


^" — free, lae 


biliCBteofaoda, 193 


— Biie, neutral, mBiiog of. 165 


Hlarch, 190 


lime for boUiiig. lai 


— alum, 187 


putiiioBticn of ISe 


- engine, 184 


— — quantity required per 100 Iba. 




paper, 186 




— Bpetki-, csiise of, in paper. 186 


wood pulp, ivaate liqunru avail- 


- koap, 185 


able a^ a, 142 




— pnrticnlatB of niBlfriiila used in. 


g. _ Babbitig teat for paper, 267 


193 


M J Bve btraw, 132 


- roBiu, 184 


IB 


— BulpllBtBOfftlumiDil, 187 


^H Balle, 211 


- te^t, Grifan BuU Link, 281 


. . fdliHou'a Victory outtor. 240 


— tub, 184 


Savt-ull, 22U 


Slirer, 217 


Schime of proiimate amilytja of 


SmallB, 203 


fft* raaterLBla, 92 


Smell consumer. 251 


BchurrooQ'a ealeiider-roll*, 237 


Soakinr word, 149 


Soultbiog; wiule, 143 


Soap and g,lalinH. 229 




— for paper niakprs, 229 


Seed-haira, 45, 95 


— rusin, 185 


dimenaioiiB of, 88 


Soaps BualyBine, 283 


Self-oleaning ctreinFr. 215 


Soiraab, 193 


water lilttr, 2b7 


analying, 278 


SeltlingpoDda, 180 


— biciirbonale,.iccelerat;ngaetionof 


IJcTenly per ctnt. wJiite raostie, 245 


bleaching powder, 159 


Sbeare, eauae of, 123 


— Birbonale, 247 


Bili,.ato of 90.1a aa a sizing ngiut, 


ammonia pnx^BS, 247 


^^ 193 


— comm. rcial kinds. 244 


^■«lkHrliGcial,32 


— crytlal. 193 


^^^^ fibre, alrucluro of, 79 


— drums, empljing, 240 
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Bulla, Itciuarfrom espflrti, rerao 
~ ilium euliihur i 
iiiiaa. 2G2 
.tniHiit of. 131 
,2*8 

- projwriion for straw, li(3 

- tecoveted, analysing, 27H 

carboniiiDg, 256 

oaudtiabing, 25S 

— - oompositiou, 257 
diuo lying, 2^8 

- rtoovery. 2iS 
-eolationa, table of strengtliB 






, lili 



152 



jufel-H 

Sodium carbotiute, epcpiQc gravity 
ofsolutijiiior, IDl 

— carbonate »clutiuiii, 1B4 

— hypodilorite In bleaching, 160 

— hypoaulphite for ni^ntraliaiiig 

bltltohing Mwdur, 181 

— BUlphiili: oxidialng, 2G2 

— aullihile, RDfllyBiug, 282 
' — cokiur itjftctioii with, 158 

— for neutralioinfr bleacbing 



i, lo3 






- for neulrnlisi 
powdt-r, 181, isa 
Boja liispldH, 52 
! Solution, ioiline, SI 
SolutiunB, alum crystal, table of 

Btwngtba, JB5 
•- alnmiaic Bulpl.BtP, 195 
■ apetific graTity of, 195 

— aniline eulpbute, 85 

— chlorine ttnlor, 85 

— -' couccotraldd ctLiulio soda, 21T 

— mouoling, 84 

— neutml inuunting, 81 

— of ammuDi,tcal ouprio oxide, S 

— uf andiiiB cotoiuB, 86 

— ofeellulo8B,7 

— of BodiuiD carbonnta, 191 
ipeciflc grayitv of, 191 

— of nine cliloriJa, H 
- and bydrocblorii: acid, 9 



Sort in; 



, 2il 



Epeoifio gravity. Twaddle 

vtTteJ into, 152 
Sfaaiiope puriStfr, 292 



— estimnting, 275 

— for diluting arid-size, 18 > 

— paste, contsiuing [loluBsinni I 

iodide, 156 

— removal from lagK, 112 

— under influence of enzyme of 1 

malt, 15 ' 

Staii'hing blotting paper, 184 
Sturcby Bceda, germination of, 51 
StatUiics, 299 

— carried out in tlie mill, 300, 310 

— of piiper trade, 305 
Steaming wood, 149 
StiiiDE, tlKBuea of, 7K 
Stlpa tunacitsimtt flbrij, 105 
Storing bleacbing liquor, 158 

— — powder, 154 
Strainers, knotter, 217 

— vaauum, 214 
Straw, 41,95, 100. 132 

— Qiuounl of bltncliitig powder 

Bpedcd by, 160 

— beating, 161! 

— boileJ, wa-hiiig, 134 

— boilers for, 13a 

— boiling, 131 

— oollular tisBue in, 136 

— oeilnloae, advcintage of, 137 
yield from, 132 

— eompoaition, 133 

— cutting, 133 
^general chemiad cliarctcrislios, J 

107 

— grinding, 135 

— in 1 apei, dotectmg, 217, 272 

— microBcopio features, 106 

— preaie-p£lle system, 135 
^ preiiBure in boiling. 131 

— j roportion of aoda, 133 

— pulp chlorinating, 136 

diinensioiiBot fibre, ISO 

draining, 134 

yield, 133 

Strava, analyais of, 108 

— sodu treatment, 132 

— time for boiling, 134 

— waalier, 135 

Sirengdis of p[iper, claasifloatiaal 
267 ■ 
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Suberiu, 74 
Suberisation, 53, 77 
Sabero;je. ^fesubetin 
Sugar cane, 72 
fibre, 108 

— dextro-rotai y, 37 
Sulphate of aluminn, 187 

— treatment of wood pulp, 137, 
138 

Sulphates, 28 

Sulphite pulp, cellulose yield from, 

142 
Sulpho-carbonaies of cellulose, 21 
Sulphuric acid, 18 

and cellulose, 34 

di and irihydrate, 20 

technical application, 21 

Sulphurous acid, 138 
ISunda. • See Sunn hemp 
Sunn hemp, 95, 9.1, 146 

— — analysis of raw fibre, 99 
cellulose, 46 

general chemical character- 
istics, 99 

micro-chemical renctions, 99 

microscopic features, 99 

Swedish filter paper, 7 



Table of strengths of caustic soda 

solutions, 152 
Tail's patent beating Hollander, 172 
Teazing needles, 86 
Telegram forms, 144 
Test papers, making of, 156 

testing, 156 

Testing antichlor, 183 

— blotting paper, 269 

— paper, 263 

by rubbing, 267 

Tetracetate, 28 

Texture of writing paper, 184 

Thickness of paper, gauging, 219 

measuring, 269 

Thune*s method for preparing wood 

pulp, 150 
a ilia EuropsBa, 103 
Tiliacen, 53 
Time for boiling straw, 134 

— of beating pulp, 168 

— required by bleaching, 160 



Tub sizing, 184 

on the machine, 226 

Tumbler, bleaching rags in, 159 
Twaddle degrees, converting into 
specific gravity, 152- 



Ultramarine, 203 

— loading coloured, 201 

Unipherston's patent beater, 179 



Vacuum strainer, 214 
Vinegar plant, 36 
Viscoid, 27 
Viscose, 27 
— sizing, 190, 191 

advantages and disadvantages 

of, 192 
qoiintity required, 192 



Washer for straw, 135 
Washers for boiled rags, 120 
Washing boiled rags, 118 
straw, 134 

— esparto, 128, 129 

— out bleaching liquor from half- 

stuff, 181 

— wood-pulp, boiled, 137 
Waste paper, pulp from, 147 
Water and cellulose, 7 

— clarifier, 289 

— effluent, filter for, 289 

— marks, 211, 221,222 
imitation, 222 

— Porter Clark's process, 292 

— purification, 180, 286 

— purifier, Stanhope, 292 

— proportion of, for beating, 168J 

— quality of, for beating, 180 

— quantity for boiling rags, 117 

— settling ponds, 180 

— softening, Archbutt-Deeley's pro- 

cess, 294 

— soft, objection to, 294 

— soluble impurities, 289 

— supply, 285 
Wax alcohols, 76 

— in fibres, 91 
Web-glazing, 233 
Weighing paper ash, 201 
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_ Dicing up fiir pulp, 147 
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Wo 1, feltii.g of, 79 


procKBees, 03 


— fibre, stTDi'lurB of, 79 


with alkalis, 04 


Wove p«per, 221 


Wrapping paper, 144 


dilute nitrio »cid, G3 


Wilting papprB. 184 


neutral Bulpliiti-B. 66 


fciture of, 184 


salpliutoM acid, 64 


Wui«let's formula for diluting aoid 


w«ter and dilutu acids, 


size, ise 
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— teat for meolinuic.l wool pulp, 


— iiieohaDioiil. in paper, deU'Cting, 
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beating, 166 


Yankee machloe, 230 


boiled, wasliing, 137 


Yaryao'B evaporating ayiteni, 255 


boiling, 137 
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clieinicftl, 137 


Yellow pigment, 206 
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